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PREFACE

Tis tw vlume report documents the first Federal Aviation Administration

controller evaluation of a group of three en route air traffic control services

planned for implementation on the Mode S Data Link system. Volume I contains

the main body of the report. Volume II ontains seven appendixes which su ort

the Test Description and Test Results (sections 2 and 3, respectively) portions
of the main body of the report.
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*The Pbseral Aviation 1iisatc (FM) Test Plan for the iVclm S Data Link
damfiz a two-,stege prvoc.. for onitroller evaluatian of cmxxidete air traffic
cmtroa. (AM) sics. 3h the first sae, ".ini design sudzies will be

*caUgted unIAW citrofled, prtak siulatiazl amiitions to identify service
deliVerY inti 1 Ihc optiRaz ootoi1W acosptm6X~ "efrem and
vorkIlcad. In the mmdac stope, full-scale s1.aation stwiiill bepefrd
In ctibr to verify the safety and efficiency of Dta Lirik wiftin the context of
realistic cgeratiomi sceinarics. This zint ytesents the results of the first
FAA amoldler mini studly of en route MC service. deveiq~ed for -elaentation

gom specific cky.otives of this mini studiy wers: (1) to evaluiate and refine Daft
Link miroler prooaidire and. displays for tie Atiud Crniit , Transfer
of mmto, and En route Minln Safe Altitudie Warning (Ma") services,
aMd (2) to solicit initial c4pinicna from cxmtroflers regarding the general
utility of thm IN I S Data Link.

Data Link functians were integrated with the I'mtl Ompzter System (HCS)
* qmatiialso boare, and thm Qapier Display Channel (CDC) displays.

Osi I Wes Includesd radar dafta procinn, tradiz, and fllit data ixpfts.
Cyraial Data Link fwicticno and proosdures were integrated with curret
qmrtiwm pod~ies an! omqx ftwiticra. Data base updates fofllamc

altiude liraow; handoffe betimm sectors included radio freqmncy
g 1 1; EME alert. w ~eneurated upon HCS niotificatiom; and altitxr

sietting e ve upaiclyilinked.

1W nodes of qusratimr were evaluated, ==51 arM autczuatic. In autcaatic node,
a Data Link wamge, wa initiated and deliveredl via standardi National Airspace
Syste (08) antries. 'flm nemga wsdisplayed to tim cmroller as "sat"

(truut~to aircraft tvniml), "delivered" (received by tim, aircraft
1. Orid), and '%iloo" (pilot affirmative reply). In ,mviv mode, the status
iIiMti "held" %us displaysid beside the iesup tht apeared in the previar

1 1s: Plan Vim, Display (MD) or Cmp~r Reaftt Device (CIRD). Azwtlmr
saiuMM of untre reslted in the nmegs triggering the "sent," "delivered,"
adl "WOOM - InulICsb"asIgP -rits. In both cases tim MSE owqutars
Vae qabd wi d-II sipt of aim wiloo reply from the pilot. Pilot "zable
ws left ~ (tst") aiiiitina VM also I - ted.

*U~b ~ I 11 air twaat &ow 1eu Wombcpaed in the studiy an

dii ~ ~ *zmoap r txda estpzil a
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test g.omr we limited. here .we fw tracks and no interfcolity
activity. Traffic flow wre repitition in natxu and otrltasks We
restricted. No overall systma delays wr simzated. Figure 2-1 projects the
apectd a ,cad fcw a Data Link ewl.ur t in cerison to present ATC field
colitions.

Intillthe .ormics -rseilx* them caitollxUa to omaete several altitude
mi~cafirmitiemi trogfor of ocmictiouw, and EM tasks, varyirq the
diqalanad proedues used to acomplish theti services. Both central

and peripheral (CM locatios m tested for the Data L .u Irai tim -
statu display. Vari. A= proceures t e also evaluated %Mch differed in the
zre-r of ccntrollem actims zqad to deliver the services, the r i
for Voice nt cticiubabom the controller and the pilot, and the
for dmainkid pilot --firmti of servim mag delivery.

Palmig each test conditicn, the ubjects rated the orkoad that would be
indce by the tested pticxm mer qmratical cmditl, . 7he atmigqu,
called projected stbJective woroad am II tecdmiqp (NOT), asked the
controler to project the effect of each test condition n the difficulty of
their job during a misrately busy woday. a -,o-e of 0 (low workioad effort)
to 100 (very high workload effort) was derived thrra i a ocrjoint analysis of
NO ratings. This tedmique results in interval data capable of being
analyzed by pummtric m .mam

Another rating scale wa used after each ocinditka to assess controller
prefera-rg for each condition. In addition, these fcrmal data wmre -1 u1 t1
by group dbriefing intervism, a wrp-W quest re, and written narrative
orImts folloming the test sessicns.

"mral €pinicin of Data Link wre strmgly positive. A majority of the
omtroller subjects felt that Data Link would definitely reduce cmtrofler
wgogkld and arbane A= system capacity and safety. Whereas the fidings were
positive, it uhold be roted that the squired data are preliminary and that the
simalation en - I and scenarios were limited with respect to MV operations
in this mini study.

go. mefio results of the study clearly shm that .the subjects preferred the
D~a Link ammomp priev arem In the WD rather than the CRD display. All

felt that Otta Link tamectic statu E f oi suld be diplayed
in a positim ftt dam rat distmct the C~ntroller's attentin frUm prImary

-z 1&f. dt Q - M, becoem the list fcumt of this display my be-m
difiult to UmUtw Am multiple ait:raft and services are prmsr*ed, the
af efts Indica tat ft hwr'm l my be achieved with key tnuactim
ftf 1niticm In Un full data bock (1M). 2h positive -m m a to Data Link
9 1 1 listai Ieg- stiwigly tiet this tunatim dhould be inclued in
sAue9Ns* wR mtia Ihis ~cobiIity a- ndt tested, ipli--.ed, or
evolumW taI mWni stu*.

-V~m jsm - va lmd and Mow padeenc
ammm m I *jefts to Im ly initiate wa4 d

-as Aim"W (MUS, figure M-1 -m ft

Ahat a .9aqFJ t *bt&=m pik
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cono r a should be available. Its subjects suggetd that it shuld be
Posible to sm ise sch yioe.tiw contol cww vpinks b, ectmr, service t-ye,
fed iziddvijml 1 1 wuect' n

Atthmuf the ccatlnnd avalabilty of a reliable voice rai ch arml
cwd w sMwt1, Voice - mtacu be, n tU pilot and croller were
ri ith Data Link md -lyo not 1shrI becaum of inrvaed w=klcad
(as figure =-I). In additkn, faim of -t-rEntory pilot 1 ne ws
cm,.ted =nutm7 he al ner wi esu, and a dmlrxdc was founid to be a valid

ithe par Wding this rm Mim OFI' nWRfo voice" Owrlition.

A notd erli r, the Data Li* !oit:a prxented in this study received
favoarble -atia s e t subsjects. Hmer, coerns . used by am
IM*z LM abl tw ity of t of UW", with 4&h they
m fmiliar, a a the pommibls eftfect of delays in eriticmal Data Link

Iimma tin tizs suggest that t m issue vi. require f rther attaftii in
fafte wdua n It'll

rim itraaller judged that utiizziM an qptm Data Link c fIgain for the
three evaluated srices uld have no negative effects on aIdiay task.
Sudh ta3.a R-D ontroller -- dnstian, sector interz*xzu, systan eror ,
imthr, strip hrdling, status board 8n-r'cm, ard kepinq the picure we
rated A not being negatively impacted and, in Zst cases, favorably iimpate by
Dta .i*nk capbi)Lty.

aq ~ kdat ned an the results outlined above irclud a set of prelizinery
Spcificticns for the te tested servisom. Ui findin.n may chng utar
aWeOod ewmiztow are evaluated. he data identifies the dislay and
pvelcu will be used in a f I*ele, giorutiomu evaluaticn study of
the rvicas to be aon1xted at the FA Tetical Owter. iefly, it is
rwomudid Owt ata Link tra Infointia be located on the D,
prefeAy with a fl data bloic indicatio of the Data Link 1 1ag status.
Maxiatic qAIriw and automatic mesg dimplay deletioni with pilotafinio
axe also sugsted with th cptien to imtabit vLirks using simle prefix code

5yboas sntrss. After an initial fmillarizatia period, re&mdan voice
c-1miinedixald not be used with Cata Link servics. Iwmer, a reliable
votes dwM is mnnt.y for remolvi' J - and as a bacW for

km at tfe acelm Ie d status of Us Data link progran d the definitive
*mts m ths stu,, it I also I that a mis be devised

:ft F"w XIW aid wcint i lm of caww air traffic
~~~s~e A MU ZA ~o ik MC a~via design md evaltation efforts.
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SCRIPT - QtItLR SEa1 17 - PILOT SHO1CR 5

SystemI Commnts arxVor

1245 a0' System Startup

1246 SOA Sectorizatii Live sectors 1,2,12,19

1247 SUA MR messages Nap requests all sectors

1251 SUA AS messages

1251 SEA CP DINK ON Data Link on

For Tet I (/o D/L)

1252 JA CP DENK OFF No Data Link for this test

For Test 2.1 PVD List, Manual, Voice

1252 03R, 17R,07R, 10R DS D 3 PVD List

1252 03R, 17R, 07R, 1CR DS 0 0 Manual Made

For Test 2.2 CRD List, Martial, Voice

1252 03R,17R,07R,10R DS D 2 RD List

1252 03R,17R,07R,10R DS 0 0 Manual Mode

For VAX File #17:

Ontains DYSIX flight and following settings:

- WIIr response will cause WIIl to be displayed in list and clear in display
list after 60 sso~s.

- UNABLE and TDW7 will not clear display list entries, will recuire manual
entry at PVD.

- No TNDO71 after delivered message.

For VAX File #18:

Contans DYSIM flight and follawing settings:

- WIICO and TThBX responses will not dhange display list and list entry will
be cleared after 60 secs.

- UNABLE resce will display UNABLE and no clear for entry.

- No TIME= after delivered message.

A-I



SC T- L O IRLM SECI 17 - PIO SECIR 5

System Comments and/or
Tim Posito I99=

125Lo Pilot SR DYSIH tracks (XMW12)
start fE SI4 tape in
controller sector 17 and
pilot sector 5.

1256 Cont-17R Say "Piedmont 33 climb
and maintain flight
level 200."

Pilot-SR PVD SIN QAK, Say "Piedmont 33
Altitude Batton climbing to 200. -

200 XXXPI33

Oont-17R Asgn Alt QAK

200 XXXP133

[For Manual Mode Test, Controller muist enter DL S AID to send message.]

Pilot-SR VAX (P133 #) W Pilot WIItOs D/L
message.

1257 Omt-17R Say "Piedmont 33 climb
and maintain flight
level 300."

Pilot-SR Say "Piedmont 33

Oint-17R Asgn Alt QAK Assigned altitude

300 XXXPI33 entered.

(For Manual Mode Test, Comtroller must enter DL S AID to send message.]

Pilot-SR VAX (P133 #) U Pilot enters "UNABLE."

[Controller enters M (QAK 6) D XXXPI33 or CID to clear D/L entry.]

1258 QOmt-17R XXXAA24 Accepts handoff fro

sector 3.

(For Manual Mode Test, Controller must enter DL S AID to send message.

Pilot-5 After seeing AA24 added to
right side of pilot terminal
display and 0-17 in FUB, say
"DuS Center, American 24 is
with you at 17 thoisand."

A-2



system C=wmts and/or
Time Pos9ion

Oont-17R Say "American 24, Roger."

1259 Oont-17R Say "Piedmont 33 climnb and

Pilot-SR PVD SIX QAK, Say "Piedmont 33
Altitude Button climbing to 300."
300 XXXP133

Oont-17R Asgn Alt QAK, Assigned altitude entered.

[For Manual Made Test, Controller must enter DL S AID to send message.)

Pilot-5R VAX (P133 #) W Pilot enters WI=O0 on pilot
terminal.

1300 Oont-17R Say "Piecont 33 descend and
maintain flight level 200."

Pilot-5R PVD SIK QAK, Say "Piedmont 33
Altitude Button descending to 200."
200 XXXP133

Qomt-17R Asgn Alt QAK, Assigned altitude
200 XXXPI33 ered.

[For Manual Mlde Test, Controller ust enter DL S AID to send message.]

Pilot-5R VAX (P133 #) T Pilot enters TIME7 on
pilot terminal.

[Controller enters DL (QAK 6) D )XPI33 or CID to clear D/L entry.)

1301 Comt-17R 03 XXXAA24 Handoff initiated to sector
3. After Sector 3 acxpts
(0-3 blinking in FDB), say
"American 24, coatact center
on 133.0."

Pilot-5R VAX (AA24 #) W Say "American 24
H XXA4 133.000 danging to 133.0, Good

Day." Pilot enters WIILD and
transfer ccmmand at pilot
terminal.

A-3
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System Czments and/or
Time Position Inut Outut

1302 Cont-17R Say "Piedmont 33, descend
and maintain 10 thousand
feet."

Pilot-SR PVD SI QAK, Say "Piedmont 33
Altitude Button descending to 10
100 XXPI33 thaasaK."

Oont-17R Asgn Alt QAK Assigned altitide entered.

100 XXXP133

[For Manual Mode Test, Controller must enter DL S AID to send message.)

Pilot-SR VAX (P133 #) W Pilot enters WIIHO.

1303 Oont-17R Say "Piedmont 33, descend and maintain 5 thousand."

Pilot-SR PVD SIN QAK, Say "Piedmont 33

050 XXXPI33

COnt-17R Asgn Alt QA Assigned altitude entered.
050 XXXPI33

(For Manual Mode Test, Controller must enter DL S AID to send message.]

Pilot-SR VAX (P133 #) W Pilot enters wilco.

1304 Cont-17R MSAW flashing for XX0IW12.
Say IMA12, low altitude
alert, climb to 15 thousand
feet immediately."

(For Manual Mode Test, ontroller must enter DL S AID to send message. ]

Pilot-SR PVD SIN QAK Say I'T12 climbing
Altitude Button to 15 thousand."
150 XKKTW12

Pilot-SR VAX (TW12 #) W Replies WIILf to EM message
on pilot terminal.

1305 Cont-17R 009AA24 Accpts handoff for sector
3.

(For Manual Mxe Test, Controller mist enter DL S AID to send message.)

A-4



SysteM 
comnts an4/orTm position t Output

Pilot-R After seeing AA24 added to
right side of pilot
terminal and 0-17 in FDB,
say "eqS Center, American 24
with you at 17 thoasard."

ornt-17R Say "American 24. Roger."

A-5



SCRIPr - COUMLR SBICR 3 - PI=T SECI!t 4

System QIumnts and/or

1255 Pilot-4R DYSIM tracks (XXN23C,
J0N2, XXXAA24) started
from SIN tape.

1256 Owt-3R Say "23 Charlie
climb and maintain 15
thcusand. i

Pilot-4R PVD SIM QAK, Say "23 Charlie
Altitude Button climbing to 15 thaisand.
XXXN23C

Ccnt-3R Asgn Alt QAK, Assigned altitude
150 XXXN23C entered.

(For Manual Hide Test, Controller must enter ML S AID to send message.]

Pilot-4R VAX (N23C #) W WIlD) reply frA pilot.

1257 Oont-3R Say "23 Charlie, climb
and maintain flight
level 200."

Pilot-4R PD SIM QAK, Say "23 Charlie
Altitude Button climbing to 200."
200 XXXN23C

Cmt-3R Asgn Alt QAK, Assigned altitude entered.
200 XXXN23C

(For Manual Mode Test, Coxtroller muist enter DL S AID to send message.]

Pilot-4R VAX (N23C #) W Pilot enters WILUO at pilot
terminal.

1258 Oont-3R 17 XXXAA24 Handoff initiated to Sector
17. After oxntroller at
sector 17 accepts (0-17
flading in FL), say
"Amrican 24, contact UDS
Center on 133.2."

Pilot-4R VAX (AA24 #) W Say "American 24
H MCAA24 133.200 changing to 133.2, Good

Day." Pilot enters WlC and
enters transfer at pilot
terminal.

1259 Oont-3R Say "23 Charlie,
descnud and maintain 10
thuand."

A-6



System Comments ard/orTiM Piti Inu Output

Pilot-4R Say "23 Charlie

Qont-3R Asgn Alt QAK 100 Assigned altitud entered.

XXXN23C

[For Manual Mode Test, ontroller must enter DL S AID to send message.]

Pilot-4R VAX (N23C #) U Pilot enters UNAJlE.

[Controller enters M (QAK 6) D XXXN23C or CID to clear D/L entry. ]

1300 Cont-3R Say "23 Charlie, descend and
maintain 5 thousand."

Pilot-4R PVD SI QAK Say "23 Charlie descending
050 XXXN23C to 5 thousand."

Cont-3D Asgn Alt QAK, Assigned altitude entered.
050 XXXN23C

[For Manual Mode Test, Controller must enter DL S AID to send message.]

Pilot-4R VAX (N23C #) W Pilot enters WIIXO at pilot
terminal.

1301 Cmt-3R X)CAA24 Awepts handoff from sector
17.

[For Manual Mode Test, Controller must enter DL S AID to send message.]

Pilot-4R After seeing AA24 aded
to right side of pilot
display and 0-4 in FOB,
say U Center,
American 24 is with you
at 17 thousand."

ont-3R Say "American 24,Rtoger. "

1302 Cont-3R Say "23 Charlie, climb and
maintain 10 thousand."

Pilot-4R WVD SIn QAK, Say "Ibger. 23
100 XXXN23C Charlie Altitude Button

clivbirq to 10 thoma d.

Omt-3R Asgn Alt QAK, Assigned altitude entered.
100 XKXN23C

A-7



omments amVor

system 9909l5 x4o

[For Manual Mode Test, controller mist enter DL S AID to send message. ]

Pilot-4R VAX (N23C #) T Pilot enters TIMEW at
pilot terminal.

"[Cmtroller enters DL (QAK 6) D XXXPI33 or CID to clear D/L entry. ]

1303 Cot-3R 
Say "23 Charlie, climb and
maintain flight level 200."

Pilot-4R PVD SIN QAK, Say "23 Charlie

Altitude Button clibing to 200."
200 XXXN23C

Cont-3R Asgn Alt QhK Assigned altitude entered.

200 XXXN23C

(For Manual mode Test, Controller must enter M S AID to send message.)

pilot-4R VAX (N23C #) W Pilot enters WITCO.

Pilot-4R PVD SIN QAK, 3ced NW32 to force
Altitde Bun ES
004 XXXNW32

SIN SK, set maximm descent
rate.

CljzbDS-ceflt Buttoni
99 XXXNW32

1304 Ct-3R 
Maw flashing for X)XXN32.
Say "Northwest 32, low
altitude alert, climb to 9

thousand immediately."

Pilot-4R PVD SIN QAK Say "Northwest 32

Altitude Button clinbi-g to 9 tkx -"saii."

090 XXXN1W32

Pilot-4R VAX (NN32 #) W Replies Wilco to EM
Message-

1305 CQ1t-3R 17 XKXNA24 Hardff initiated to sector
17. After sector 17
accepts, say "American 24,
contact UDS Center on
133.2."

PIlot-4R VAX (AA24 #) W Say "American 24

H XXXAA24 133.200 changing to 133.2, Good
Day."

A-8



SCIW - CMLUM SEMCM 07 - PILOr SWM 14

System Oents aid/or

1255 Pilot-14R DYSIM tracks (XXXNW02,
XXXPA22, X MUA) started
fr SI tape.

Pilot-14R PVD SIN QAK, Descend PA22 to forceAltitude Battn EWAW.

004 XXXPA22

SIN OAK, Set maxIuu descent
Bu/Desced Bt rate.

1256 Cmt-07R Say "Nortwest 2 descend and
maintain flight level 200."

Pilot-14R Say "Northwest 2 descending
to flight level 200."

C t-O7R Asgn Alt QAK Assigned
altitude entered.

200 XXXNW02

[For Maual Mode Test, ontroller must enter DL S AID to send message.]

Pilot-14R VAX (NW02 #) W Pilot wilos D/L message.

1257 C(mt-O7R Say "Northwest 2 climb and
maintain flight level 300."

Pilot-14R Say 'orthwet 2 unable to
Ocuply."

OCt-07R Asgn Alt QAK Assigned altitude

300 XXXW02 entered.

[For Mmml Nods Test, Cntroller must enter M S AID to sed message.]

Pilot-14R VAX (NW02 #) U Pilot enters "UNABLE."

[QCtroller enters (QMAK 6) D xxxW02 or CM to clear D/L entry. ]

1258 CQit-7R MSAW flashing for XXXPA22.
Say "Clipper 22, low
altitude alert, climb to 15
thousand immediately."

[For Manal MaNde Test, Cmtroller must enter DL S AID to send message.]

A-9



system Qmxnts an:Vor
Time Posito Outlout

Pilot-14R PVD SIn QAK Say "ogexr. Cliper
Altitude Buttn 22 climbing to 15
150 XXXPA22 thousand."

Pilot-14R VAX (PA22 #) W Replies WIIO to EK message
on pilot terminal.

1258 Cont-07R 10 XOMJLI Handoff initiated to sector
10. After sector 10 accepts
(0-10 blinkin in FE), say
"rUnited 1, contact center on
123.0."

Pilot-14R VAX (UAL1 #) W Say "Roger.
United 1 H XOX TUAL
123. 000 Changing
to 123.0, Good
Day." Pilot enters
WIlO3 and transfer
on pilot terminal.

1259 Oznt-07R Say "Northwest 2
climb and maintain
flight level 300."

Pilot-14R PVD SIN QAK, Say "Northwest 2
Altitude Button climbing to 300."
300 XXXW02

ckmt-07R Asp Alt QAK Assigned Altitude

300 XXX M2 entered.

[For Manual Mode Test, COntroller must enter DL S AID to send message. ]

Pilot-14R VAX (NW02 #) W Pilot enters WILD) on pilot
terminal.

1300 Oont-07R Say "Northwest 2 desoend and
maintain flight level 200."

Pilat-14R PVD SIM QAK, Say "Northwest 2
Altitudie attcn descendiing to
200 XXX)O 2 200."

Cont-07R Asgn Alt QAK Assigned altitude.
200 XXXD02 entered.

Pilot-14R VAX (N102 #) T Pilot enters TDINE) on
pilot terminal.

[Controller enters M (QAK 6) D XXXP133 or CID to clear D/L entry.]

A-IO



syste coments an4/or
Tim Positio

1301 QOMt-07R Accepts handoff from sector

10.

[For Manual Mode Test, OCmtroller must enter DL S AID to ser message.]

Pilot-14R VAX After seeing UAL dded to
right side of pilot display
and 0-14 in FIDB, say "I U
Center, United 1 is with you
at flight level 300."

OQnt-07R Say "united i, Roger."

1302 Qrzt-07R Say "Northwst 2, descend
and maintain 10 thousand."

Pilot-14R IVD SIM QAK, Say "Northwest 2
Altitude Button descending to 10
100 XXXNW02 thousand."

Cot-OTR Asgn Alt QAK Assigned altitude
100 XXoN02 entered.

1303 Omlt-07R Say "Northwest 2, climb and
maintain flight level 200."

Pilot-14R PVD SIX QAK, Say 'Northwest 2
Altitude Button climbing to 200."
200 XXXN02

Cuit-07 Asgn Alt QAK Assigned altitude
200 XXXNM2 entered.

[For MWaal Madxe Test, Controller must enter ML S AID to send message.]

Pilot-14R VAX (NW02 #) W Pilot enters wnIoX.

1305 Ozzt-07R 10 XXN0 2I Hardoff initiated
to 1tor 10.
Aftr sector 10
a ts, say
"United 1, ontact
Center on 123.0."

Pilot-14R VAX (UAL1 #) W Say "United 1
H 1XWAU 123.000 dhanging to 123.0,

Goo day." Pilot enters
WILnO and transfer couards
on pilot terminal.
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SCRIPT - CONTROL SEMIM 10 - PIIr SBCIMR 15

System Coments ard/or

1255 Pilot-15R DYSIM tracks (X0XCS22,
XXXAL62) started frc, SIM
tape.

Pilot-15R PVD SIM QAK, Descend AL62 to
Altitude Button force.
004 XXXAI.62 EW

SIM QAK, Set maximum descent rate.
Clib/DescentB n
99 )0CAU2

1256 COnt-10R Say "Charlie
Sierra 22, descend and
-iintain 15
T11I~anfd. It

Pilot-15R PVD SIm QAK, Say "Charlie
Altitude Button Siera 22
150 )D0O22 desoerxdirg to 15

thouan."

Cot-OR Asgn Alt QAK, Assigned altitude
150 XXMCS22 entered.

Pilot-15R VAX (CS22 #) W Wfim reply from
pilot.

1257 Omt-lXR Say "Charlie
Sierra 22, climb and
maintain flight level 200."

Pilot-15R PVD SI OAK, Say "Charlie
Altitude Button Sierra 22 clixbing
200 XXMMC22 to 200."

Oont-10R Asgn Alt QAK, Assigned altitude

200 XKMS22 entered.

[For Manual Made Test, otroller ist enter ML S AID to send message.)

Pilot-5R VAX (CS22 #) W Pilot enters WIIO
at pilot terminal.
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system Comments aror

1258 Oont-0R 1SAW flashing for XO0(L62.
Say "USAir 62, low altitude
alert, climb to flight level
9 thousand immediately."

[For Manual Mode Test, mntroller must enter DL S AID to send message. ]

Pilot-15R PVD SIM QAK Say "USAir 62 climbing
Altitude Button 9 thusand".
090 XXXAL62

Pilot-15R VAX (AL62 #) W Replies WILC)O to EM
message.

1258 Cksit-10R xx0amIu Accepts hardoff from
sector 07.

[For Manual Mode Test, Controller must enter DL S AID to send message. )

Pilot-15R After seein UALI added to
right side of display and
0-10 in FEB, say "EW
Center, United 1 is with you
at flight level 300."

Qont-10R Say "United 1, Roger."

1259 0znt-10R Say "Charlie Sierra 22,
thousand."1

Pilot-15R Say "Charlie Sierra 22

UNABlE to ccmply.,'

CQxt-1OR Asgn Alt QAK Assigned altitude entered.

[Fbr Manual Mode Test, Controller must enter DL S AID to send message. ]

Pilot-15R VAX (CS22 #) U Pilot enters UNABLE.

[Controller enters D (QAK 6) D XXXC22 or CID to clear D/L entry.]

1300 Cot-10R Say "Charlie Sierra 22,
descend and maintain 5
thousard. 1

Pilot-15R PVD SIM QAK Say "Roger. Charlie
Altitude Button Sierra 22 desoending to
050 XXXCS22 5 thousand."

Oont-3D Asgn Alt QAK Assigned Altitude
050 XXXN23 entered.
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system and/or

[For Nhnual Mode Test, Controller must enter DL S AID to send message.]

Pilot-15R VAX (CS22 #) W Pilot enters WILOD at pilot
terminal.

1301 Cont-10R 07 XXXUA1 Handoff initiated to sector
07. After controller at
sector 07 accepts (0-07
flashing in FD)B), say"United 1, contact UD]S

Center on 132.2."

Pilot-15R VAX (UALU #) W Say '"nited 1 changing
H XXXUALI 132.200 to 132.2, Good Day."

1302 Cont-10R Say "Charlie Sierra 22,
climb and maintain 10
tli~sand. I

Pilot-15R PVD SIN QAK, Say "Charlie Sierra
Altitude Button 22 climbing to 10
100 XXXCS22 thousand."

Cont-10R Asgn Alt QAK, Assigned altitude entered.

100 XXXCS22

[For Manual Mode Test, Controller must enter DL S AID to send message.]

Pilot-15R VAX (CS22 #) T Pilot enters TIKEnUr at
pilot terminal.

[Controller enters DL (OAK 6) D XXXPI33 or CID to clear D/L entry.]

1303 Oont-10R Say "Charlie Sierra 22,
climb and maintain flight
level 200."

Pilot-15R PVD SIM QAK, Say "Charlie
Altitude Button Sierra 22 climbing to
200 XXXCS22 200."

Cont-10R Asgn Alt QAK Assigned altitude
200 )OOCS22 entered.

[For Manual Mode Test, Controller must enter DL S AID to send message.]

Pilot-15R VAX (CS22 #) W Pilot enters WIIM0.

1305 Cont-10R XXXUAUL Accepts handoff frmn
sector 7.
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system Cauents aid/or

Time. Position Outut

[For Manual Mode Test, Controller must enter DL S AID to serd message.]

Pilot-15R After seeing UAL1 added to
right side of display and
0-15 in FDB, say 'UJW
Center, United 1 is with you
at flight level 300."

Cont-OR Say "United 1. Roger."
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IEF DESipICN OF MHE PWAT
WOIUAM SCALE VE ORMT PROCESS

The Subjective Workload Assessment Technique (SWAT) was developed in the early
1980's by researchers at the Air Force Aerospace Medical Research Laboratory.
Using SWAT, huiin operators make judgements about the workload that they
experienced during actual performance of an operational task. Projected
Subjective Workload Assessment Technique (RSW) is an application SWAT in
which operators make projective estimates of the workload that would be produred
by a set of test conditiors or system design options. These projected estimates
are based an observations of low fidelity simulaticrs of a system rather than
actual performance of the operational task. PSWA has been proven useful for
workload evaluation of design cptions prior to the availability of full scale
simulators or cperaticnal hardware.

SWAT and PROIT operate in the same way, and require a two e process to
generate quantitative workload data. In the first phase, subjects provide
information on how time, effort, and stress cambine to produce their concept of
mental workload.

During this scale development exercise, the subjects are asked to sort a set of
27 cards on which are printed all possible coubinaticns of the descriptors for
the tim, effort, and stress scales. Subjects sort the cards to produce an
ordering that represents situations ranging from low to high workload. The
subjects' sorts are then subjected to a cxmputerized conjoint analysis in order
to determine the ccmninatory rule governing the sort. An iterative routine is
then used to generate an interval scale value for ead of the 27 cumbinations
that fits the cxuminatory rule and preserves the original ordering. The result
of this processing is a look-up table for ead subject or subject group that
converts the discrete time, effort, and stress workload ratings to the unitary
scale.

In the secod ptase, subjects make actual workload judgements of test cxnditions
using ratings of 1 (low) to 3 (high) on the time, effort, and stress scales.
These ratings are then interpreted as quantitative values on the overall workload
scale found in the look-up table.

The advantage of the PSWA approach to workload assessment is that it adjusts
the scale to each subject's or group's conception of workload. In addition, the
scale provides 1ore p rful interval scale values rather than the ordinal
values typical of tost subjective rating techniques. Th instructions used in
thistudy for guiding the subject controllers' card sorting task are presented
in the following section of this appendix along with the instructions used for
the prefawer /aooeptabillty scale.
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(INSTMCN*S M0 OUMLER. SUBJECrS)

AND OPrION PEFERENC RATING SCALE

The goal of this study is to obtain expert cpinions from air traffic controllers
about the most appropriate ways in which to implement three air traffic controll
(ATC) services using the Mode S Data Link. Mien we start our stimulations in the
Data Link Test Bed you will be controlling air traffic in a series of brief
scenarios. Each test run will require you to use different displays or
procedures to acccmplish the Data Link services. In order to evaluate these
service design options, we will ask you to provide two quantitative ratings after
each test run. The purpose of this document is to familiarize you with the
scales that you will be using to make the ratings, and to describe a special
procedure that we will ask you to perform to help us interpret your ratings on
one of the scales. The material contained in this document will be reviewed in a
briefing that you will receive before we start the Data Link Test Bed simulation
runs.

Although we will be asking you for a wide variety of comments during this study,
our prmary quantitative data will be derived from your ratings on the two scales
mentioned above. Because the rating data will form the basis for a number of
Data Link design decisions, it is extremely important that we all agree on what
we mean by each type of rating scale.

The first scale that you will complete after each test run is the
IEaM ACCEPEBILITY scale. The form that will be used for this scale is
shown in figure B-1.

One of the forms will be used for each procedure and display option that you
evaluate. Note that the form actually requires you to make two decisions.
First, for each of the services, you will need to decide whether the option
under test is acceptable or unaocetable. Second, if you have decided that the
option is acceptable, you will need to assign it a value on the 7-point scale
that indicates the extent to which you prefer it. 7hus, you would assign the
option a value of "I" if you found it to be both acceptable and highly
preferable. If the option were acceptable but not highly preferred, you would
assign it a higher number according to the extent to which it is less
preferable. However, if the option were completely unacceptable, you would not
assign it any of the numbers, and instead mark the (XMPTIELY UNACPABLE blank
on the form.

In making your decisions about acceptability and preference, your prime
consideration should be the impact of a design option on the SAFETY and
EFFICIENCY of controller performance. Once you have made your ratings, please
remeaber to use the comments section on the bottom on the form to briefly
explain the reasons for your ratings.
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P! iJEC SERIES I / 11

S-)FTOR ACTIVE / PASSIVE

TEST OPTION

Rate the display / procedural test option that you have
just examined according to how acceptable it would be to
controllers involved in each ot the three services. In
rating the acceptability of this option, you should consider
the way In which it would affect the SAFETY and EFFIOIENCY
of the controller's performance,

Place an *X' next to the number which best describes
the acceptability of this option for each service. If
this option Is completely unacceptable, place an "X In
the box, Use the space below the scales to briefly
explain your ratings,

HIGHLY MODERATELY ACCEPTABLE
PREFERRED PREFERRED BUT NOT

PREFFERED

1 2 3 4 5 6 7

ALT
CONF

TRAN
COMM

EMSAW

COMPLETELY
UNACCEPTABLE

COMMENTS:

FIGURE B-i. PREFERENCE/ACCEPTABILITY SCALE
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The secord rating that we will be asking for after each test run will be a
workload rating. The scale that we will be using for the workload ratings is
known as Projective Subjective Workload Assess nt Tecnique ( SW ). PSWAT
was developed as a method for collecting quantified data on how hard a person
feels he ould have to work in his normal duties using different procedures,
equipuent, etc., to perform them. In this study we will be asking you to provide
PSWAT ratings on the workload that you would experience during a moderately
busy shift of work if you were using each of the Data Link options that we will
be testing.

If you examine the scale in figure B-2 you will notice that PSwAT defines
workload in terms of a -ombination of three different dimensions that contribute
to the subjective feeling of "working hard." A workload rating in PSWA is
accomplished by selecting a 1, 2, or 3 on EACH of the three scales representing
the dimensions of TIME IAD, MERML ET , and PSYCHDIOGICAL STRESS IWAD.

Ead of these dimensions and their levels are described below:

Time load refers to the fraction of the total time that you are busy. Nhen Time
Load is low, sufficient time is available to complete all of your mental work
with some time to spare. As Tine load incrases, spare time drops out and some
aspects of perfoance overlap and interrupt ne another. This overlap and
interruption can come from performing more than one task or from different
aspects of performing the same task. At high levels of Time Load, several
aspects of performanc often occur simultaneously, you are busy, and
interruptions ar very freqnt.

Time load may be rated on the 3-point scale below:

1. Often have spare time. Interruptions or overlap amorq activities occur
infrequently or not at all.

2. Occasionally have spare time. Interruptions or overlap among activities
occur frequently.

3. Almost never have spare time. Interruptions or overlap among activities are
very frequent, or occur all the time.

MNIL EFM OWAD.

As described above, Tim Load refers to the amount of time one has available to
perform a task or tasks. In contrast, Mental Effort Load is an index of the
amount of attention or mental effort required by a task regardless of the number
of tasks to be performed or any time limitations. Mien Mental Effort load is
low, the rncmentratin and attention required by a task is minimal and
performance is nearly automatic. As the demard for mental effort increases due
to task complexity of the amomt of information which must be dealt with in
order to perform adequately, the degree of t n~tration and attention required
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increases. High Mental Effort Load demands total attention or concentration due

to task camplexity or the amount of information that must be processed.

Mental Effort Load may be rated using the 3-point scale below:

1. Very little conscicus mental effort or concentration required. Activity is
almost autumatic, requiring little or no attention.

2. Moderate ormcious mental effort or concentration required. Omplexity or
activity is moderately high due to uncertainty, unpredictability, or
unfamiliarity. Cnsidarable attention required.

3. Extensive mental effort and Ixz tration are necessary. Very complex
activity requiring total attention.

PSYO DO ICAL SUMS lOAD.

Psychological Stress Load refers to the cotribution to total workload of any
oditios that produce anxiety, frustration, or confusion while performing a
task or tasks. At low levels of stress, one feels relatively relaxed. As
stress increases, confusion, anxiety, or frustration increase and greater

entration and determination are required to maintain control of the
situation.

Psychlogical Stress Ioad may be rated on the 3-point scale below:

1. Little confusion, risk, frustration, or anxiety exists and can be easily
-o ated.

2. Moderate stress due to confusion, frustration, or anxiety noticeably adds to
workload. Significant cxmpensation is required to maintain adequate
performance.

3. High to very intense stress due to onfusion, frustration, or anxiety. High
to extreme determination and self-ountrol required.

Ead of the three dimensions just described contribute to workload during
performance of a task or grup of tasks. Note that althou3h all three factors
may be correlated, they need not be. For example, one can have many tasks to
perform in the time available (high time load), but the tasks may require little
concentration (low Mental Effort Load). Likewise, one can be anxious and
frustrated (high Stress load) and have plenty of spare time betwem relatively
siMple tasks. Since the three dimensions contributing to workload are not
necessarily correlated, please treat each dimensicn individually and give
indeperdent assesmits of the Time Load, Mental Effort Load, and Psychological
Stress Load that you feel would be produced by the Data Link design options we
will be testing.

The form that you will be using to make your SWAT ratings during the Data Link
test sessions is shown in figure B-3. Note that the descriptions for each level
of time, effort, and stress load have been removed to save space. Should you
need to review these descriptions during testing, a coy of the full scale will
be available at all tims.
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SUBJECT SERIES I / II

SECTOR ACTIVE I PASSIVE

TEST OPTION

Rate the workload associated with the display/procedure
option that you have Just examined by considering how It
would affect the difficulty of your job during a moderately
busy workday. With this In mind, rate the workload
associated with each service under this option by placing
an 'X* next to one of the numbers on the TIME, EFFORT AND
STRESS soales.

REMEMBER, this Is a rating ot the WORKLOAD that you
would experience using this option. The workload of a task
Is not necessarily related to your preferences for a teat
option or Its suitability for use In ATC operations.

ALTITUDE CONFIRMATION 1 2 3

TIME LOAD

MENTAL EFFORT

STRESS

TRANSFER OF COMMUNICATIONS

TIME LOAD

MENTAL EFFORT

STRESS

EMW

TIME LOAD

MENTAL EFFORT - - -

STRE88

FIGURE B-3. PROSWAT WORKLOAD SCALE
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ST SCALE EVEOPMENr CARD SCRT

Now that you are familiar with the two rating scales that will be used during
the Data Link test sessions, there is ane last procedure that must be coupleted
before testing can begin. This procedure is a card sorting task that will allow
us to interpret yaur PWAT workload ratings. We will be asking you to do this
task during the briefing that will take place to review the rating scales.

One of the most important features of PHoMSA is its unique scoring system. The
developers of PIME recognized that different people have different
c aceptiots of how the time, effort, and stress dimesions combine to produce an
overall imqnressicn of low and high workload. Because of these differences, a
special card sorting procedure is used in PSHUT to define a distinctive
workload scale for each person. This individualized scale greatly nproves our
ability to acourately interpret the actual workload ratings that you will be
making during the test sessions.

In order to develop your individual scale, we need information from you
regardin the amount of workload that you feel is produced by various
combinations of the three levels on the time, effort, and stress dimensions. We
get this information by having a person rank order a set of cards. Each card
contains a different omubination of the levels of time load, mental effort load,
and stress load. Since there are three dimensions, and each dimension has three
levels, there are 27 cards in the deck that you will be sorting. Your job will
be to sort the cards so that they are ranked according to the level of workload
represented by eadh card. Thus, the first card in the deck will represent the
lowest workload and the last card will represent the highest workload.

In completing your card sorts, please consider the workload inposed on a person
by the combination reprented in eadh card. Arrange the cards from the lowest
workload condition through the highest ondition. You my use any strategy you
choose in rank ordering the cards. One strategy that proves useful is to
arrange the cards into a rurer of preliminary stacks representing high,
moderate, and low workload. Individual cards can be exchanged between stacks,
if necessary, and then rank ordered within stacks. Stacks can then be
recombined and checked to be sure that they represent your ranking of lowest to
highest workload. However, the choice of strategy is up to you and you should
choose the one that works best for you.

here is no "sdool solution" to this problem. There is no correct order. The
correct order to what, in your judgeent best describes the progression of
workload fram lowest to highest for a general case rather than any specific
event. That judgement differs for each of us. The letters you see on the back
of the cards are to allow us to arrange the cards in a previously randomized
sequne so that everyone gets the sam order. If you examie your deck you
will see the order on the back runs from A tbrugh Z and then ZZ.

Please reber:

1. The card sort is being done so that a workload scale may be developed for
you. This scale will have a distinct workload value for each possible
combination of Time Load, Mental Effort load, and Psychological Stress Load.
The following example d-uutrates the relationship between the card sort and
the resulting workload scale:
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Time Effort Stress Workload Scale

1 1 1 0.0

3 3 3 100.0

Note that other than the fact that a 1-1-1 will always represent the lowest
workload and that a 3-3-3 will always represent the highest wrkload, the
reaining cards could occur in a number of orders. Your order will depend on
how yoiu weight the iqportanae of Time, Effort, and Stress dimensions.

2. When performing the card sorts, u the scrp printed the cards.
Please rmmber =t to sort the cards based on one particular task (such as
controlling air traffic). Sort the cards accorduxq to your general view of
workload and bow inportant you cxuider the dimnsions of Time, Mental Effort,
ard Psycogical Stress Load to be.

3. During the Data Link test rums, you will accmplish the desired task. Then,
you will provide a PRSWAT rating based on your opinion of the mental wrkload
required to perform the task. This P T rating will consist of om number
from each of the three dimrions. Fbr exaple, a possible OWAT rating is 1-
2-2. This represents a 1 for Time Load, a 2 for Mental Effort Load, and a 2 for
Psychological Stress lead.

4. We are not asking for your preference cconerning Time, Mental Effort, and
Psychological Stress Load. Some people may prefer to be "husy" rather than
"idle" in either Time Load, Mental Effort Load, or Psychological Stress Load
dimension. We are not cmxexned with this preference. We need information on
how the three diumsions and the three levels of each one will affect the level
of workload as you see it. You may prefer a 2-2-2 situatio instead of a 1-1-1
situation. However, you should still realize that the 1-1-1 situation imposes
less workload on you and leaves a greater reserve capacity.

The sorting will probably take 30 minutes to an hour. Please feel free to ask
questions at any tine.
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A FMIAL NY1 ABOUT YOUR PEEMD4 AND PROW RAINGlS

The tw scales that we will be using in cur Data Link test sessions were chosen
to quantify two LIxjlyp1n: aspects of your evaluations of the Data Link display
and procedural test options. As you use the scales to rate the test options,
please remeker that preferen/aoeptability and workload my be related, but
they are not necessarily the same.

For exanple, yoa may find that a particular option is riot preferred because it
would greatly increase controller workload. In that case, both your
prefere.o/aoceptability and RT ratins would be high. Hower, it is also
possible for these two ratings to be disassociated. For example, an option might
be acceptable or nle because of its izpact on ATC safety. At the same
time, the workload that would be associated with delivering a Data Link service
using that option could be low or high, depending on how you feel it would affect
the time, effort, and stress load associated with performinq controller tasks.

In order for us to extract the unxin amoxt of information from this study, it
is very inportant that you kep these differenes in mind as you make your
ratings. As experts, youw careful onsideration of each of the scales will help
to insure that Data Link is inplunented in a way which will ertmice ATC safety
and efficiency and aid the om2troller in meeting his or her responibilities.
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This appendix presents an analysis of data from the debriefing discussion. In
the context of the ministudy methodology, the debriefing followed laboratory
exercises that allowed the test participants to interact with simulated Data
Link services presented under alternative cOabinations of message
display/cntrol and procedural options. In all, ten Air Traffic ontrol
Specialists (ATMS's) participated in the debriefing discussion. Following the
group discussion, nine of the ten participants also submitted written responses
to the items covered in the debriefing discussion guide.

7he apendix is organized into two parts. The first part of the apendix
describes the participants and their expertise and reviews the areas of agreement
and unresolved issues that came out of the debriefing. The second part provides
a copy of the discussion guide and tabulates the categorical responses that were
reported individually by the ATCS's.

SUMARY OF RESULTS

This summary flight takes up the generic themes and then the specific service-
related sugestions contained in the ATCS commentary. In the following section,
'Test Participants," descriptive characteristics of the test participants are
reported. Presented in section are generic themes or principles of Data Link
communication that cut across individual services. The principles help explain
many of the specific service-related sugestions discussed in section, "Initial
Data Link Services."

TEST PARrICIPANTS.

Ten ATCS's were involved in the tests: eight served as test subjects at the
control positions and two others were roving observers who spent some time
observing each of the positions. All eight test participants represented the
Dallas/Forth Worth Center. The two roving observers represented the Dallas/Fort
Worth Terminal and the Center. On average, the test participants had 15.7 years
experience as full performance level (FPL) controllers and experience levels
ranged between 3 and 31 years. Four of the participants also had experience as
pilots. Pilot experience ranged between 5 and 20 years with an average of 16
years. Only three of the participants reported any exposure to the Data Link
program prior to this evaluation.

G2 DATA INK.

Establishment of a set of basic operational and design principles for Data Link
communication is consistent with other, ongoing Federal Aviation Administration
(FAA) initiatives to standardize air traffic control (AMC) operations (referenc
1). 7hese principles are the ground rules from which directives for operational
practices and criteria for system design and validaticq can be established. The
basic principles derived from the debriefing are discussed below.
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A Message Not Acknowledqed Message Not Sent.

This emerged as a first principle of AC commnication (reference 2, pg C-7).
Data Link communication should also follow this principle operationally and in
design. In particular, there is a need to ensure that the AMC data base contains
the last acknowledged clearance. For a confirmation message, the current test
bed design is acceptable because the voice exchange provides an acknowledgment
(authorizes a data base update) before any Data Link message is sent. Ven Data
Link becoumes the primary coummunication mode, the ATC data base update should be
triggered by the pilot's WIL), not by the controller's D1RER/UPLEN action.

The current design uses the DIER action associated with an altitude amerndment
to acccmplish two things: it updates the MC data base and generates/uplinks a
Data Link message. Conceptually, generation and uplink of a message to the pilot
should be separable from a data base update. Operationally, the update should be
effected by the pilot's acknowledgment. Similarly, the controllers cummented
that it was not important or necessary to update their status displays to show
intermediate stages in the information exchange. For instance, a message status
update for a technical acknowledgment was considered unnecessary, only the pilot
WILO was meaningful (operationally). Exceptions/interruptions to the normal
sequence should be treated as "alerts" and displayed more prcminantly, i.e., in
the data block.

A positive pilot acknowledgment of a Data Link message was judged to be the best
prooedure from an operational transition standpoint. Although controller
opinion was split on the need for a transitional phase of redundant
radio/telephone (r/t) comunication with Data Link (d/l) confirmation, there was
consensus that even in the transitional phase, a positive acknowledgment of the
confirmation message would be more compatible with the procedure followed in a
later phase when the voice exchange drops out.

Use r/t COuunication for Resolution of Exceptions to Normal d/l Cogmunication
and for Time Critiical Communications.

With two modes available for ommunication between pilots and controllers, it is
important to specify how these will work together in the future system.
Moreover, a mix of d/l equipage in the aircraft population will require continued
use of r/t cxmmunication procedures as the primary mode for some aircraft. To
make things easier, the procedures for d/l and r/t communication should be
consistent and explicit criteria should be established for determining the
appropriate mode in a given situation (see reference 3). Both the pilot and
controller should have a common urderstarding and expectation about what the
other will do under various sets of circumstances.

The advantage of voice communication for handling exceptions and time critical
control instructions was mentioned many times during the discussion. The two
most caummnly agreed on roles of voice and data link communication were: (1)
Data Link as the primary mode for most messages, with voice as a backup for
handling exceptions, and (2) Data Link as the primary mode for certain types of
messages, with voice as the primary mode for other types of messages. Aside from
handling exceptions to control instructions, in-flight emergencies and weather
deviations ware also identified as situations where voice should be the primary
mode. In addition, there was unanimus agreement that voice should be the
primary mode for all types of time critical messages.
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controller opinion on the acceptability of a mixed-mode communication system was
divided. hile most agreed that Data Link would afford the greatest benefit to
controllers in their message sending functions and pilots would see the greatest
benefit in their message receiving functions, only half endorsed a mixed-mode
(onitroller uplink with pilot voice acknowledgment) approach to pilot controller
communication.

Display d/l Communication Stutus Information in the Data Block.

Controllers expressed a clear preference for encoding Data Link message status
information in the data block with a supplementary list presentation on the Plan
View Display (PVD). For example, it was suggested that the altitude line of the
data block be used to depict the status of an altitude confirmation. One way to
implement this suggestion might be to add a new class of indicators to the
altitude qualifier field (B4) that displays the status of the exchange: "S" for
sent, "' wilco, "V' verify.

As another illustration, the transfer of comninication (TOC) message could be
displayed in the handoff field (El-E4). Once the TOC message is sent, a letter
identifier, "C" for cam or "F" for frequency, and the identifier of the sector
which will be in commnication with the aircraft would blink in field E until the
pilot acknowledges the TOC. Pilot acknowledgment would replace the "C' with a
'"W and stop the blinking.

After a parameter time, the data block would then be dropped from the losing
controller's display and field E would revert to groundspeed on the receiving
controller' s display.

Controller alerts in the data block for exceptions to a positive acknowledgment
were also discussed in some detail. These included a case where the pilot fails
to acknowledge the message within a parameter time, a case where the message is
not delivered (no technical acknoiwledge), and a case where the pilot responds
with an UNABLE. Regarding display information, the controllers recommended
adopting status labels of NO REPLY, UNABLE, and VERIFY in the list and
highlighting the corresponding data block indicators to alert the controller.
The controller could then opt to resend the message or follow up with voice. In
the second case, the current controller should first be alerted to a link failure
and follow up with voice. Based on the follow up, the controller may update the
aircraft's data link equipage for display to dcwnstream controllers. In the
third case, the controllers suggested that if the pilot cannot comply with the
clearance then the UNABLE response should be correlated procedurally with a
radio call. Voice is probably the simplest way to resolve this kind of
situation. If the UNABLE has to do with a possible miscunmmication, the
controllers recommend that the status display should say something like VERIFY.
The controller then has the option to resend the Data Link message or follow up
with voice.

Finally, it was suggested that Data Link equipage be encoded near the data block,
possibly as an alternate aircraft position symbol, and/or in the data block as a
caret symbol over the aircraft call sign.
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rovide Proactive control of d/l Messa e Sending but Minimize otitroller In~ut.

Most of the controllers felt that the inputs requir8d to uplink a message
manually in the test scenarios ware too cumbersome. Accordingly, they
rec " Wrded that the sequerce of inputs required to send a message be simplified
and possibly be implied in the message composition sequece. Transferring data
entries directly from the existing message ccaposition preview display (without
reentry of any fields) for automatic uplink was deemed most efficient.
Capabilities to store and recall/resend messages ware also suggested.

Overall, an automatic uplink was viewed as the most -Ippropriate default option
for message sending with an inhibit option to deselect Data Link by position,
service, or message. If Data Link is selected for a position, then automatic
uplink is assumed for all services. In the automatic mode, cumposition and entry
of an altitude assignment would autamatically uplink the associated altitude
confirmation. Acceptance of a handoff offer would automatically uplink a TOC
message; generation of an en route minim safe altitude wardn (EMAW) alert
would autumatically uplink that alert.

Data link may also be inhibited by service or message. Inhibiting by service
inhibits a display of the message; inhibiting by message displays the message but
inhibits its uplink. In the manual mode, the controller would be required to
make an additional input when composing the altitude assignment message to
inhibit the uplink. For a manual TOC, the handoff offer should be initiated by
the controller (i.e., autcmatic handoff is inhibited for that aircraft or the
controller offers the handoff early) with an extra irput to inhibit the automatic
uplink of the TOC. For the E3M alert, the controllers suggested that manual
mode may be the desired default. This could be accomplished by inhibiting the
Data Link HAW service.

Ultimately, the schemes used for today's automatic handoff HBITm/ENABi and
the EMAW alert suppression capabilities should be AW message uplink.

In view of the range of planned d/l services, the controller should have the
flexibility to configure the workstation to: (1) send a Data Link message to the
pilot with no associated data base update, (2) update the data base without
sending a message to the pilot, and (3) send a message to the pilot that also
updates the data base at the conclusion of the exchange.

Initial Data Link Services.

The next three sections discuss the detailed coments on the standard Operating
procedures for each service and the special situations that may require
nxzstandard treatment. Because uad of the content is process oriented, it
onveys a better understanding of the dynamics of the controller intezaction with
each service.

Altitude Assimunent/Confinmation.

The contxollers reached agreement on candidate operating procedures for a simple
altitude assigment confirmation and a Data IVnk (no voice) altitude assignment.
Tables C-1 and C-2 illustrate the respective procedures. For the altitude
confirmation message, the procedure begins with the controller voicing an
altitude assigment followed by a pilot raadback of the altitpde. The

C-4



ThIE C-I. ALTITUDE ASSIGMU OMFUMMA N (UItt4ATIC 1E)

ent Resiponsibilitvy

1. Altitude 1.1 ontroller 1.1.1 Issues altitude
Assigmment assignment to A/C

(r/t)

1.2 Pilot 1.2.1 Acknowledes and reads-
back altitude assignment
(r/t)

1 .3 Controller 1 .3.1 Enters altitude assignment

2. Altitude 2.1 ATC CQzpter 2.1.1 Updates data base with
~firXat new altitude

2.1.2 Generates altitude
confirntion message,
displays message "sent" to
cr troller, and sends
mesage to A/C (d/1)

2.2 A/C 2.2.1 Receives altitude
cofirmation message and
displays to pilot

2.3 Pilot 2.3.1 Acknowledges altitude
confirmtian message (d/1)

2.3.2 Maneuvers A/C in accordance
with controller's instruc-
tims

2.4 ATC Coulpter 2.4.1 Receives acknIOuwlemert and
deletes display of
cnfirmtion message
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WEE C-2. ALTIUIE ASSIGNMU (MMMTC MWXE)

ENsMibiity

1. Altitude 1.1 Controller 1.1.1 Enters altitude assignment
Assignmt

1.2 At Copiter 1.2.1 Generates altitude
assignment message,
displays message"sent" to
OcItroller, and sends
message to A/C (d/1)

1.3 A/C 1.3.1 Receives altitude
assignent mssage and
displays to pilot

1.4 Pilot 1.4.1 Acknowledges altitude
assignment massage (d/1)

1.4.2 Marmwers A/C in aa=xzanoe
with controller's instruc-
ticns

1.5 MTC ouputer 1.5.1 Receives acknowledgment and
deletes display of altitude
assignment message

1.5.2 Updates data base with new
altitude
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controller then inputs an altitude amenftet which, in turn, autamatically
generates an entry in the Data Link status display and uplinks a confirmation
message (at this point the ATC data base and data block displays for the aircraft
are updated). The procedure cncludes with a pilot WILO0 input that
automatically deletes the entry from the controller's list. As table C-2 shows,
the Data Link altitude assignment (no voice) procedure is nearly identical
except that the controller's amenmnt shmld not update the ATC data base until
the WILOD is received.

The discussion of restricted and interim altitudes uncovered some interesting
pratical issues and crnmitant design cosiderations. Regarding restricted

altitudes, the cmtrollers suggested the "altitide/fix/altitude" format (see
referenc 4, pg 4-2). This specifies an altitude to be maintained until the fix
is reahed, then a secrnd altitude to be maintained. According to the
controllers, the format is seldom used in the field partly because message
cnrution is complicated. It was suggested that this format be used to
cunstruct and store a set of canned instructions for restricted altitudes. For
each position, these would cumprise routine clearances, including the kinds of
standard boundary and fix crossing restrictions currently published in each
Center's Standard Operating Procedures.

Another issue came up in the context of interim altitudes. In the past, interim
altitudes have been used by controllers to acccuplish intersector coordination
without a voice cunication (see reference 2, pg F-7). Wile adoption of the
National e Position Standards sxuld proscribe such controversial
practices, similar procedural or design controls may need to be developed for use
of Data Link. As an illustration, should the Data Link system apply a similar
sector eligibility deck (-/CiK") to the uplink of all Data Link messages? How
does the system ensure that all the affected sectors have current flight intent
data? Is use of Data Link considered optional? During this discussion, it was
suggested that Data Link may discourage no astadard practices by reiiating
same of the coordination and message crmpositicn problems that gave rise to
them.

Tanfer Of

The controllers reached areement on a canidate operatig procedure for the
transfer of ociunication. Table C-3 Illustrates the basic procedure, handoff
with an ameciated and table C-4 illustrates a "umn variart, the handoff
with no TOC. Taking acunt of current and future practice, the conxtrollers
recmumw that operatically the TOC should be separable from but related to
the transfer of cotrol task as follow:

1. Ujxo acptanc of a handoff, a TWC message for that aircraft is
autmamtically genrated and displayed to the losing sector. The sector that
assms ocmputer control is assmed to be the one that will also cuunicate with
the aircraft on the voice frequency appearing in the TWC message.

2. Deperding on how the workstation is configured, the TOC message may be
uplinled autatically. 7he uplink will then generate a notification on the
receiving cmntroller's Data Link list. If the automatic uplink is inhibited, the
losing cmfoller may issue an alternative TC message by voice.
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TME C-3. HANEOFF WITH T 1 OF OM(KINCATI (AUI C NOIW1)

1. Sector Han off 1.1 Tranferring 1.1.1 As aircraft approadies
Sector sector buIdary, offers
Controller handoff to receiving con-

troller

1.2 ATC Computer 1.2.1 Displays handoff offer
to receiving controller

1.3 Receiving 1.3.1 Acts haidoff
Sector Controller

2. Transfer of 2.1 ATC Copiter 2.!. 1 Displays VC message
omMnicaticn ('IOC) "sent" to transferring and

receiving controllers and
sends frequency to A/C
(d/l)

2.2 A/C 2.2.1 Receives 'IC messages

and displays to pilot

2.3 Pilot 2.3.1 Ackncwledgqes 'TOC message
(d/1)

2.4 AIC Ccmpzter 2.4.1 Deletes display of "sent"
to transferring controller

2.4.2 Displays status of "call"
to receiving controller

2.5 Pilot 2.5.1 (Cer-k-ins with receiving
controller

2.6 Receiving 2.6.1 Deletes TC display
Controller
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MOMl 0-4. IWMDFT WIH NO MRAIMF OF C~ftMICATC (?@NUAL MC)

1. Sector axdoff 1.1 Transferrinr 1.1.1 As aircraft approaches
Sector sector bomidary, offers

handoff to reoeiving
ontroller with extra input
to inhibit autoatic
uplink

1.2 ATC Conputer 1.2.1 Displays handoff offer
to reoeiving cztroller and
displays TC message "held"
transfel.-- and receiving
controllers

1.3 Receiving 1.3.1 Accepts handoff
Sector
Controller

2. Transfer of 2.1 Traruferring 2.1.1 Issues now frequency
Oammunicaticn Sector to pilot (r/t) or
(7wc) ontole (d/1)

2.1.2 If d/l TOC message is sent,
both sector displays are
updated and deleted as in
table C-3

2.2 Pilot 2.2.1 Admowledges ad
readsback now frequncy
(r/t) or (d/1)

2.3.2 Changes frequency

2. 5 Pilot 2.5.1 -eks-in with receiving
controller (r/t)

2.6 Reosivng 2.6.1 Deletes display of
Controller "call" or "held" frcm

TWC list display
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3. Upon pilot adknowlapent of the OC message, the losing sector's display
will be cleared and the receiving sector's display will be updated to a status of
CALL.

No agreement was reached on a procedural requirI for a radio chfeck-in on the
frequecy. Some felt it wasn't inportant; others weren't so sure. Nor was there
onsenus an a pocess for clearing the CALL messae frcn the receiving
onztroller's display. he message cmld be deleted manually, but cued by the
radio check-in or it could tine out.

he handoff with no transfer of oummicaticns is typically followed to avoid
issuing a series of radio frequemy &Wnes to the flight crew (see referen 2).
For instance, this ooccrs with departing aircraft cliibirg throuh several low,
medium, and high altitude sectors to a cruise altitude or with aircraft whose
bcriwital routes cut the corners of several sectors. In the case of a point
out, neither ompter cxntrol nor radio cummunication is transferred. While the
candidate prooedurs described in the tables will permit handoff with no TOC by
allowing the losirg controller to inhibit an automatic iTC message, they are also
intended to keep omter control and ccmmnication assigned to same controller
by making this the easiest way to issue the 'Ic.

Indeed, this was a controversial service. most of the commentary crerned the
false alert prdblem. Generally, it was felt that operating procedures for this
service prbsably needed to be determined locally and irput from ATC 's who work
in Centers with mre a terrain was needed. Beycnd that, there was a
more furbmdmetal questicn of whether Data Link would be faster than voice.
Hower, on the assumptin that Data Link is a viable way to deliver an AW
alert, it was i ei ed that the message content match the phraseology defined
in the Controller's Handbook (reference 5 pg 2-2): "Low Altitudie Alert. Check
your altitude immediately. The minimum en route altitude in your area is -. "
Table C-5 illustrates the candidate operating procedure devised for a Data Link
EMA service.

As an alternative to an DEAW service, it was suggested that an altitude out of
cnfoma-w service could be developed to work in ojunction with the "+/-"
qualifier that already apears in the data block.

1. FAA Order 7220.2, OMatMj positin S, 1988.

2. Kirxuy, G. C., Bell, G. L., and Ditmore, M. A., The Human Elemet in AirSystlizatand (AU~miUes_,
Traffic (Otrol: Factors in System Rowery and Revitizatin es,
|Mm-82W151, The MTIP Corporatica, Naean, Va., April 1983.

3. Flathers, G.W., Dovelcxment of an Air-Ground pata Edhanme Cmoevt: Fligt
Deck SCUM, WffR-87W21, MM rMM (poratin, McLean, Va., March 1987.

4. Rcker, R. A., Ttrial on Rar m troller InWts and DiMlavs in AS 3d2,
WP-84W0010, lM MILRE Opoaticn, l lan, Va., January 1983.

5. FAA Orde 7110-65D, Air Traffic Qmtrol, 1984.
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MUE C-5. DMAWAL QI (MAL MDE)

1. E2AW Alert 1.1.1 Selects Data Link inhibit
for E alert

1.1 AMC Qohputar 1.1.1 Displays Data Link
EMSM inhibit in Data Link
service select header

1.1.2 Projects that A/C will
violate minim= safe
altitude

1.1.3 Displays DEAW alert to
cxntroller

1. 2 Cntroller 1.2.1 Cbserves alert, examines
flight intent, and deter-mines validty

1.2.2 Deselects data link MSA
inhibit

1.3 ATC qpzter 1.3.1 Rmves EMSAW inhibit
indicator in service select
header

1.3.2 Displays EMSAW message
"sent" to controller

1.4 Pilot 1.4.1 Ackowledes EMSw
mssage (d/1)

1.4.2 Manaivers A/C in acodanc
with controller's instruc-
tion~

1.5 A Oozp*er 1.5.1 Deletes EMSA display
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APPENDIX E

ANALYSIS OF OINOLER WOLAD AND PlaMMUICE DA



WRAP-UP QUESTIONNAIRE

1. How would you rate the simulation realism. (Circle One)
(Please disregard small amount of traffic.)

Very Slightly Slightly Very
Good Good Good Fair Poor Poor Poor
(VG) (G) (SG) (F) (SP) (P) (VP)

2. How can we enhance realism? (Use extra space on back.)

3. Please document any system malfunctions that if worked
as designed would have helped you make a better evaluation.

4. Looking back at training, any new ideas as to what
training would have aided testing?

5. Please rate the SWAT data collection technique as it

applies to ATC mental workload analysis.

SWAT ASPECTS VG G SG F SP P VP

a. How well does sort separate work loads?

b. How independent are the loads? Can one
load remain at 1 while the others q to 3?

c. How well does SWAT measure ATC workload?

Comments on SWAT.

D-1



6. Please rate these data link aspects regarding possibility of

utilization in the field.

ASPECTS VG G SG F SP P VP

Automatic Node

Manual Mode

Using RCRD for display

Using PVD for display

Message response times

Comments?

7. Please select the optimum methods for the three services.
(Circle choices.)

Control Pilot

Node Voice Voice Display

Alt Confirm Manual Auto Yes No Yes No PVD CRD

Trans Conn. Manual Auto Yes No Yes No PVD CRD

EMSAW Manual Auto Yes No Yes No PVD CRD

Comments?

8. Please rate how well each service would perform at your
position if optimally configured.

SERVICE VG G SG F SP P VP

Altitude Confirmation

Transfer of Communication

EKSAW

Comments?

D-2
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9. using the optium services, what would be the projected

effect of data link at your position on the following:

PROJECTED EFFECT ON VG G SG F SP P VP

System capacity (a/c in sector)

Keeping the Picture

Weather handling

R-D controller coordination

Sector Interphone coordination

Pilot-controller communications

A/C conflicts (system errors)

Flight strip marking/handling

Status board info. handling

Overall efficiency (speed)

Overall safety

Overall controller workload

Comments?

10. Using data link should leave no "gaps" in the system. Did
you see any places where gaps in positive control could occur?
Also, give any ideas as how to prevent them.
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11. What about data link do you like best, and why?

12. What about data link do you like least, and why?

13. What future services would you like to see data link do?

D-4
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The primary measures used during formal data collection in the Data Link test bed
were controller ratings of the workload associated with each test option and of
their preference for each option. Following every test condition, the controller
subjects ccmpleted two rating forms. The first form required the subject to
project the workload that would be associated with the option on a moderately
busy work day for each of the three services. The method that was used to obtain
these ratings is known as the Projective Subjective Workload Assessment Technique
(pRSWAT). IawAT ratings were assigned by judging the test --ptions on three,
3-point scales referring to time load, rental effort load, and psychological
stress.

The second form required the subject to judge the test option as acceptable or
unacoeptable in terms of its effect on air traffic control (ATC) safety and
efficiency. If judged acceptable, the subject rated the option on a 7-point
rating scale ranging from "highly preferred" to "acceptable, but not preferred."
(Xmnents were solicited at the bottom of the form in order to determine the
subject's rationale for his preference ratings. Sarples of each of the rating
forms as well as instructions for their use are contained in appendix B.

FROWAT IDM%

CARD SORT ANALYSES.

The quantitative interpretation of P)SWAT ratings is based on an analysis of a
preliminary card sorting task which is used to determine the way in which
subjects ozmbine the three dimensions of the scale to produce an overall concept
of workload. In the current study, this task was ccmpleted by all eight test
controllers prior to training and testing in the Data Link test bed.

cmpter analysis of the card sorts revealed only moderate agreement among card
orderings (W=.74). In 1RSWAT, such a result makes it undesirable to use single
scale solution for all subjects in a sample. As a consequence, the SWAT
prototyping algorithms were employed to identify subgroups of subjects who
produced similar card sorts. This algorithm classified three subject sorts in
the time prototype, two in the effort prototype and three in the stress
prototype. Classification within a prototype group indicates that the subject
weighed the associated factor more strongly than the others when performing the
sort.

Analysis of the agreement among subjects within the prototype subgroups showed
that all three were acaeptable (time, r-.90; effort, r=.89; stress, r=.90).
Therefore, separate scaling solutions were computed for the three prototype
groups using the SWAT conjoint Measurement and scaling programs. The resulting
tables relating time, effort, and stress ratings to interval scale values were
used to score the PRiSwAT ratings of individual subjects classified in those
groups. Table E-1 presents the card orderings for each subject along with the
mapping of scale values assigned to the prototype groups.

The statistical analyses which follow were performed on PSWAT scores
transformed from the ordinal ratings using the prototype scaling solution
identified for each subject. In each case, one to three ratings on the three
dimensions were interpreted by referring to the appropriate subgroup scale which
ranged from 0 (low workload) to 100 (high workload).
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TABLE E-1. WAT CARDUDSOWS AND PWTOTYPE SCALE VAUJES

Subject Time Subject Effort Subject Stress
Card Sort Proto. Sort Proto. Sort Proto.

T 2 89 5 6 7

1 1 1 1 1 1 0.0 1 1 0.0 1 1 1 0.0
1 1 2 2 2 4 8.7 4 2 11.9 8 7 2 28.2
1 1 3 11 3 5 23.4 13 3 26.6 17 16 5 51.8
1 2 1 5 4 2 11.3 7 10 29.4 3 5 6 14.8
1 2 2 7 5 10 19.9 10 11 41.2 14 14 14 43.1
1 2 3 8 7 11 34.6 22 12 55.9 22 18 15 66.6
1 3 1 6 5 6 21.7 16 19 58.8 5 6 7 23.1
1 3 2 9 8 12 30.4 19 20 70.F 16 17 16 51.3
1 3 3 14 9 22 45.1 25 21 85.3 25 20 17 74.8
2 1 1 3 10 3 23.7 2 4 7.3 2 2 3 13.9
2 1 2 4 11 9 32.4 5 5 19.2 9 12 4 42.2
2 1 3 16 14 14 47.1 14 6 33.9 18 13 12 65.7
2 2 1 12 12 7 35.0 8 13 36.7 4 3 8 28.8
2 2 2 1515 13 43.7 11 14 48.6 10 15 21 57.0
2 2 3 19 16 23 58.4 23 15 63.3 23 26 24 80.6
2 3 1 13 13 8 45.5 17 22 66.1 12 8 19 37.0
2 3 2 10 17 21 54.1 20 23 78.0 20 24 20 65.2
2 3 3 25 18 25 68.8 26 24 92.7 26 21 25 88.8
3 1 1 20 19 15 54.9 3 7 14.7 6 4 10 25.2
3 1 2 21 20 18 63.6 6 8 26.6 11 11 9 53.4
3 1 3 22 21 20 78.3 15 9 41.2 19 25 23 76.9
3 2 1 17 22 16 66.1 9 16 44.0 7 10 13 40.0
3 2 2 24 23 19 74.8 12 17 55.9 15 2218 68.2
3 2 3 23 24 26 89.5 24 18 70.6 24 23 26 91.8
3 3 1 18 25 17 76.6 18 25 73.4 13 9 11 48.2
3 3 2 26 26 24 85.3 21 26 85.3 21 19 22 76.5
3 3 3 27 27 27 100.0 27 27 100.0 27 27 27 100.0
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OVERALL. NALSES OF VARIACE.

The p osw scores contributed by each subject under each test option are shown
in table E-2.

Because of the interval scale properties of the transformed FRSWAT ratings,
these data were analyzed using standard parametric statistical techniques. In
order to determine whether any of the test opticns produced significant
variations in perceived workload, single factor, repeated measures analyses of
variance were performed on the ROAT scores across the eight experiental
conditions. Individual analyses were performed for the altitude confirmation,
transfer of communications, and AIM services.

Results of these analyses revealed that projected workload was significantly
affected by the test options for each of the services (altitude confirmation,
F(7,49)=9.26, p<.O001; transfer of xam ications, F(7,49)=3.98, p<.001;
E 2A, F(7,49)=5.12, p<.0003). Based on the significaK e of these findings,
individual post hoc analyses were performed using the Student's t statistic in
order to assess the impact of the individual display and procedural factors on
controller workload.

EATA LINK TRANSACTION DISPAY IOCATION.

Mean PWAT scores derived from comparable procedural conditions in which the
Plan View Display (PVD) list display and the Computer Readout Display (CRD) list
display were used are presented in figure E-1. As shown in the figure, while no
difference was obvious between the displays for AIM , the PVD list received
lower projected mean workload scores than the CRD list in the altitude
confirmation and transfer of communicatiorns tasks. However, t test comparisons
of these scores revealed no statistically significant differences in perceived
workload between the PVD and CRD displays either for altitude confirmation
(t(7)=1.52, p=.17) or for transfer of cmvLnications (t(7)=.99, p=.35).

MANUAL VS. AUTOATIC CONTL.

Unlike the statistically weak impact of di play location, strong effects on
P workload were obtained for manual and autamatic control options. Figure
E-2 presents the mean workload scores obtained for the manual and autanatic
options in each of the tested services. The manual means were calculated by
computing an average PROSWAT score for each subject across the three test
conditions which required manual designation of the relevant data in the list
display and an entry to release the uplink (manual/pilot response/PVD,
manual/pilot respcnse/CRD, and manual/no pilot response). The automatic means
were calculated in the same way for the three conditions in which the uplink was
achieved automatically following normal entry of the transfer of control data to
the NAS, entry of an altitude amedncmnt, or detection of an AIM event
(automatic/pilot response, automatic/no pilot response, and automatic/pilot
response/no voice).

As shown in figure E-2 workload was higher in the manual conditions than in the
automatic conditions or all three services. Statistical xmpariscns confirmed
the significance of all three differences (altitude confirmation, t(7)--3.74,
p<.01; transfer of commicatins, t(7)=2.66, p<.015; EM!W, t(7)-3.24, p<.01).

E-3
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TABLE E-2. FWAT SCOES AND PF0XI'M SCALE VAlUES

Test otions

Altitude Confirmation

2 2 3 4 5 6 7

1 35.0 85.3 66.1 35.0 35.0 11.3 11.3
2 7.3 7.3 7.3 7.3 7.3 7.3 0.0
3 66.1 66.1 23.7 0.0 0.0 0.0 0.0
4 32.4 74.8 74.8 11.3 8.7 0.0 0.0
5 68.2 68.2 68.2 57.0 57.0 57.0 14.8
6 40.0 40.0 40.0 0.0 0.0 0.0 0.0
7 28.8 28.8 37.0 28.8 28.8 0.0 13.9
8 36.7 36.7 36.7 29.4 41.2 0.0 0.0

Transfer Of ommunications

1 23.7 23.7 35.0 35.0 35.0 23.7 0.0
2 7.3 7.3 7.3 7.3 7.3 7.3 0.0
3 66.1 66.1 23.7 0.0 0.0 0.0 0.0
4 0.0 66.1 66.1 0.0 0.0 0.0 19.9
5 68.2 68.2 40.0 13.9 68.2 57.0 0.0
6 25.2 25.2 25.2 13.9 13.9 0.0 0.0
7 28.8 28.8 28.8 28.8 14.8 13.9 13.9
8 7.3 7.3 41.2 0.0 0.0 0.0 0.0

ENSM

1 19.9 19.9 19.9 19.9 19.9 8.7 0.0
2 7.3 7.3 7.3 7.3 7.3 7.3 0.0
3 66.1 35.0 0.0 0.0 0.0 0.0 0.0
4 43.7 74.8 74.8 19.9 19.9 8.7 19.9
5 25.2 25.2 25.2 13.9 0.0 13.9 0.0
6 66.6 66.6 66.6 66.6 66.6 0.0 0.0
7 0.0 0.0 14.8 0.0 0.0 0.0 0.0
8 41.2 41.2 41.2 41.2 11.9 0.0 0.0

Test Option Key

1. Maral/Pilot Response/Voice ND
2. Nanual/Pilot Respcnse/Voice/ClD
3. arual/No Pilot espcxse/Voice
4. Autcmatic/Pilot Response/Voice
5. Autamatic/No Pilot Response/Voice6. Autamatic/Pilt Repns/o Voice
7. Scufled Sytv olt espnse/No Voice
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Figure E-3 presents the effect on workload of the presence or absence of voice
ccmjuications between the controller and pilot which were redundant with a
message delivered via Data Link. The PWOaM scores for the voice condition
were cumputed by calculating mean scores for the two autcmatic conditions in
which redundant voice was included (with pilot response and without). The no
voice means were based on the scores obtained in the autamatic/pilt response/no
voice cndition and in the revised system tested on Day 2 without voice. As
shown in figure E-3, mean workload scores were lower in the no voice condition
than for the voice condition for all three services. Statistical tests of the
significance of these differences revealed a significant effect for the altitude
confirmation service (t(7)=3.16, p<.05) and marginally significant effects for
transfer of comminications and EAW (t(7)=1.77, [>.10 and t(7)=1.82, p<.1O,
respectively).

PIU RESPONSE.

A third catbined ccapariscn was performed to assess the effect of requiring the
controller to monitor for a dcownlinked pilot confirmation of a received message.
In all cases, these comparisons were made under voice conditions in which the
data linked pilot response would be redundant with voice radio ccmmunications.
The mean workload ratings for each service under both manual and automatic
conditions are presented below:

Pilot No

Altitude Manual 39.31 44.22
Confirmation

Auto 21.10 22.25

Transfer of Manual 28.33 33.39
Qimunications

Auto 12.36 17.40

EW Manual 33.75 31.23

Auto 21.10 15.70

As the illustration shows, no large or consistent differences in perceived
workload were obtained as a function of the requirement for a pilot response
either in the manual or the automatic conditions. The test cmParisons between
all pilot response and no response conditions detected no statistically
significant differences between the means (p>. 15 in all cases).

MDIFIED SL"42= (PRISgfS.

A final group of statistical ccnparisons were performed to assess the
significance of the reduction in workload produced by the modified system tested
on Day 2 to the conditins evaluated on the first day of testing. The mean
workload score obtained for the modified system was 5. 00 for altitude
confirmation, 4.23 for transfer of xcmmaiicatioi, and 2.49 for MSAW. These
scores were significantly lower than the manual options for all services
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(p<.05). In addition, projected workload an the modified system was
significantly reduced in comparison to two of the three automatic optios for
altitude confirmation (p<.02). No statistically significant differences in
workload were detected between the autcmatic/no voice options and the modified
systems for any of the services.

k w E/ACCEPWIrITY O

The prefererKce/acxeptability rat-ings produced by all subjects under each test
option are shown in table E-3.

OVERALL ANALYSES OF VARIANCE.

Because of the ordinal 4haracteristics of the ratings obtained on the
preference/acceptability scale, the results ware analyzed usiq ng -parametric
statistical tests of significance. Overall analyses to determine the
significance of variations in preference produced by the test options w re
performed using the Friedman Two-Way Analysis of Variance by Ranks. Unacxeptable
ratings weare assigned a value of "8" for these analyses in order to include
scores frum all subjects under each test option.

Significant variation in test optic peferences ware detected for altitude
confirmation (chi square (6) = 26.03, p<.001), and ZVM (chi square (6) = 24.18,
p<.001). However, no significant differences in option preferees ware detected
for the transfer of cxzmunicaticnu task (chi square (6) = 7.0, p>.4).

The primary reason for the failure of the transfer of ommunications task
preference ratings to reach statistical significance was the preIoderance of

le ratins obtained under these conditions. While the altitude
confirmation and IMSAW test options each received only one unac ale rating
out of 56 ratings per service, the transfer of commnications options were rated
unacceptable in 11 cases. These ratings were produced by four different subjects
and were not cosistently associated with any particular proceural or display
condition.

Evaluation of controller comments indicated that these unacceptable ratings were
attributable to the fact that the original Day 1 test options all required the
receiving controller to uplink the new radio frequency to the pilot. Since this
is contrary to current ATC operational procedures, a number of controllers
assigned low preference or unacceptable ratings to all of the options,

the focal test parameters. This interpretation is suported by
inspection of the transfer of cummunications preference ratings obtained for the
modified system on Day 2 of testing. In this option, where the frequency change
was under the control of the transferring cmtroller, no unacceptable ratings
were assigned and preference ratings were significantly lower than those for any
of the other test options (p<.01, Wilomton test).

Based on the genaral significance of the overall analyses, individual
nciiparametric amonariso g test conditions were performed using Wiloaxon's
Matched Pairs Signed Ranks test in order to evaluate the effects on controller
preference of the individual display and procedural options.

E-9



TABE E-3. PRENC/APDUMZT RA.TM

Altitude Confirmation

2 A2- 5 6 7

1 5 5 2 2 1 2 2
2 7 7 6 5 5 3 2
3 7 7 5 3 5 1 1
4 4 7 7 2 u 2 2
5 7 7 5 4 5 4 2
6 1 7 4 4 3 3 7
7 5 5 3 3 3 1 1
8 5 6 6 3 6 2 2

Transfer of COmmunications

1 5 4 3 2 1 2 1
2 7 7 6 5 5 3 2
3 U 7 7 3 5 1 1
4 2 7 7 2 U 2 3
5 U U U 6 6 4 2
6 U U U U U U 1
7 6 5 5 5 4 2 2
8 4 5 5 3 5 2 2

MSAW

1 6 5 3 2 3 3 1
2 7 7 6 5 5 3 2
3 4 7 4 3 5 1 1
4 4 7 7 1 U 1 7
5 7 7 7 5 7 6 5
6 1 4 4 1 1 1 1
7 6 6 5 6 6 4 6
8 4 5 5 2 5 2 2

NOTE: Qupletely unac le ratings are indicated by "u." Preference ratings
range frcm 1 "highly preferred" to 7 "acceptable but not preferred."
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rDrA LIMK 1WNACTIMt DISPlAY W'~I

Figure E-4 shows the median preference ratings obtained for the cxmparable test
conditions in which the PVD and CRD lists were used. In general agreement with
the workload data, these preference ratings indicate that the IVD list was
preferred over the CRD list for all three tested services. Statistical
camparisons confirmed the significance of this preference for both altitude
confirmation (T=O, p<.01) and B45AW (T=4.5, p<.05). Put in p level for Transfer
of Control.

MANUAL VS. AUI C ( L.

Controller workload and preferenc ratings were also closely correlated for the
camparison between the manual and automatic control options. Figure E-5
presents the median preference ratings cbtained for the three test options
involving manual selection and initiation of uplinks and for those which include
automatic uplinks. All three services were more highly preferred when conducted
in the automatic modes than when performed manually (altitude confirmation, T-O,
p<.Ol; transfer of ocmmnications, T=O, (N=7), P<.02; EAW, T=O, (N=7), p<.02).

VOICE.

Figure E-6 presents the median preference ratings cxmpited for the automatic mode
conditions in which redundant voice ocmunications were present and for those in
which Data Link cummunications were the only form of data transfer between the
controller and the pilot. As shown in the figure, controller preference ratings
were consistently higher in the no voice options. This was confirmed in
statistical comparisons for all three AC services (altitude confirmation, T=-3.5,
p<.05; transfer of control, T=O, p<.Ol; E W, T:0, p<.01; EMSAW, T=O (N=7),
p<. 02).

PIWIT RESP*ISE.

A comparison of controller preferences for requiring a pilot confirmation
downlink is presented in the following median ratings:

Pilot No

Altitude Manual 5 5
Confirmation

Auto 3 4

Transfer of Manual 4.5 5.5
C(mmunications

Auto 3 5

ESAW Manual 5 5

Auto 2.5 5

As shown above, the subject controllers apeared to have a slight preference for
requiring a pilot response via Data Link in conditions where the response would
be redundant with a voice aounmications. However, statistical comparisons

E-11
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revealed no significant differences between the conditions except for the
autmatic version of the DSAW service (T=0, p<.Ol) which favored the pilot
response.

Both the workload data and the preference data presented above for the pilot
response factor yielded equivocal results. However, when viewed in light of the
clearly superior preferences elicited for the no voice conditions, these data
suggest that the positive impact of pilot confirmation via Data Link emerges rost
strongly when redundant voice radio calls are eliminated.

MODrED SYSTE! PA R.

The modified system tested on Day 2 was more highly preferred than any of the
other options tested in the mini study. The median preference scores for all
three services in this version was 2.0. In catparismn, median preference scores
for the manual options ranged from 4.5 to 7.0, and for the automatic options frcn
2.5 to 5.0. The only median preference rating whid equaled those obtained for
the modified system was that elicited under the autcmatic/no voice ccndition for
altitude confirmation.

PREF /AccMMEN/

Following each rating on the preference/acceptability scale, the controller
subjects were asked to write brief cumments explaining the rationale underlying
their ratings. These comments are summarized below for each test option.
Substantially similar cmuents obtained from different controller subjects were
classified as a single comment. All cases are annotated to show the number of
controllers contributing the coment.

OPrION 1 - MANUAL CONTR IPIWr R4PCNE RUIRED/WD DISPAY.

Five subjects indicated thiat the data entry requirements of this option were
excessive.

Two controllers noted that the procedure used in the transfer of coummunications
service was inappropriate. All transfer of cczmunicatin tasks are the
responsibility of the transferring controller. Thus, the receiving controller
should not initiate the uplink of the frequency change.

Two subjects felt that the list display would be difficult to interpret when
several Data Link services were displayed simultaneously.

One controller indicated that a list type display would distract the controller's
attention from his observation of the central radar track data.

One controller was concerned about TIM= and UNABLE responses. He felt that
these were not valid pilot response options to a positive control uplink.

One controller noted that this option would permit inadvertent deletion of a
status line from the list before the pilot response was received.

E-15



OPTICN 2 - MANUAL (Xtw1I=/ RESPM REQUIRMI/OD DISPLAY.

All eight subjects indicated the the PD display was superior to the CRD option
presented in this condition. he reasons given for this preference were that
observing the CRD would distract the controller's attention from the primary PVD
display (four subjects), and that use of the CRD would make it unavailable or tooollqsted for display of beacon ode (two subjects).

No additional omments regarding the maxual/pilot resne option were elicited
during this test codition.

Because of the unanimous agreemnt aoig subjects regarding the display option,
all suceeding testing was owdxkcted using the PVD for display of the Date Link
tranactio~ list.

OPfrIZM 3 - !UML 0TROL/NO pIr RESF E.

One controller indicated that data entries appeared to be reduced under this
option in cumpariscn to option 2. However, two subjects noted that the data
entries were still excessive.

One controller felt that this option was an improvement over the "pilot respcne
required" opticns because it eliminated the need to monitor for a WILO response.
However, two controllers indicated a concern over a procedure which did not have
a mandatory requireaent for pilot acknowledgement.

OPITIOM 4 - AIlM=C NTRL/PI=T RESPONSE EZULM.

six controllers explicitly indicated that the automatic mode was better than the
manual modes tested in the previous conditions. No subjects rejected the
automatic mode. However, two subjects felt that it could be a safety hazard
under same conditions and expressed a desire for a oe-key message release input
for uplink of an automatically prepar message.

Reasoms given for preferene of the automatic mode ware the reduction in data
entry requirements and the increased speed with which traffic would be worked.

contirued cocern was also expressed over the assignment of controller
respotsibilities in the transfer of cmmunicatimx procedure (am subject).

one subject indicated that the message transaction status information should be
displayed in the data block on the PVD.

OPIC 5 - NJTKNTIC =909ILM) PI=T R1S=E.

Equivocal comments were elicited regarding this second test of a no pilot
response mode. Of the four subjects who provided cannents, two indicated that
they would accept this mode and two argued that the lack of ackuwledgi would
create confusion and anxiety about the agreement between data transmitted and the
pilot's awareness of the transmssion. abee of a strong opinion on this
q nestiu was prdmbly due to the fact that Cpticns I throug 5 were redundant
with voice radio ounications and verbal pilot acknowle:dgsi-t.

A sexxdm subject indicated a preference for displaying Data Link transaction
data in the aircraft data block (see Option 4).
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A Wrap-Up Questicmaire was given to the Dallas/Fort Worth controllers during the
final debriefing on Day 2 of testing. A coy of the questicmaire is octmaind
in apperdix C. This appendix documents the statistical treatment and results.
Qwpereatiou r done using a spreadsheet on an 131 PC XP.

The questioinire was ccmprised mainly of 7-level rating scales and free
narrative comment questions. The numrical values and verbal labels attached to
the 7-level rating scales questions were:

7 Very Good,
6 - Good,
5 = Slightly Good,
4 - Fair (center scale),
3 - Slightly Poor,
2 -Poor, and
1 = Very Poor.

These values were used for the coptatim of the rating scale statistical
results. Narrative cmunents for all questions were compiled and are attached
herein. Also, a frequency count of coutrollers making similar written ccmments
is attached.

RAT SCIE AI LS.

Table F-1 shows the resulting descriptive and inferential statistics for the 24
items rated using the 7-level rating scale. Items 1, 5a-c, 6a-e, 8a-b, and 9a-I
in this table are arranged in the same order as they appeared in the
question ire. Means and variation about the means were ocupited for each of the
items. A grand mean across subjects and items was oaqxrted for the entire
questionnaire. Student's t scores were ccmpeted for the deviation of the means
frock center scale (4) and from the grand mean. Table F-2 shows the same results
as table E-1, but with the items presented in order of the magnitude of the
t score c izpted relative to the grand mean. A 95-percent confidence interval
about each item mean was also ccempted. Notes at the bottom of the tables give a
brief explanation of the meaning of the table headings.

The t score relative to ceter scale indicates whether that mean rating is
significantly above or below fair. The t score relative to the grand mean
indicates whether the mean rating is significantly above or below the mean of all
scores, uhid was ccpmuted to be 5.77 (between slightly good and good). The
grand mean thus falls ap.-xmately in the middle of the group of item means.
Ranking of the t scores relative to each other, such as in table F-2, makes
ceparison easier. These ranks are given in the results below.

The following results, using a 95-percent probability criterion (p=.05) for
significance, were obtained. The grand mean was significantly higher than center
scale, indicating that the distriution of all judgements was significantly
favorable to Data Link (i.e., to the good side of center scale). Of the 24 items
rated, 18 were rated good (significantly higher than fair), 6 ware rated fair
(did not differ significantly from fair), and nzn were rated poor (significantly
lower than fair). Cnidering the nature of the questionnaire ites, this sows
an overwhelming accetance of the Data Link onucept.
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Relating the item means to the grand mean in table F-2 finds seven items rated
significantly higher than the grand mean, with one so close to the cutoff that
it's also included. These eight items are ranked according to the magnitude of
the t score relative to the grand mean (tgm) score (first item is highest rated).
They are:

ank No- Item (ParEMMd)

1 Bb Projected performance using best transfer of communication
method.

2 8a Projected performance using best altitude confirmation
method.

3 91 Projected overall controller workload, 4-6a. Autoatic
mode for field use, 5-9a. Projected system capacity, 6-6d.
IWD display for field use.

7 9f Projected pilot-controller ommunications.
8 9k Projected overall safety.

One of the items is rated significantly below the grand mean and one is so close
to cutoff that it is included below (the last is the worst):

Rnk* No. Item (BPboffad)

23 6b Manual mode for field use.
24 6c RCRD display for field use.

The use of a ranking based on the tgm makes possible determination of which items
are so niuh above or so much below the grand mean as to be notable. Above are
shown the 10 notable items out of the total of 24 items analyzed.

QEMST CiO BY OUESTION RFSUIIS.

Question 1 asked for a rating of the simulation realism. The resultant mean
rating is significantly better than fair. Thus, realism is judged good. It is
not significantly different frcm the grand mean, with a rank = 14.

Question 2 shows suggested ibrovemants for realism. Five suggestions are made.
These are in the narrative cuments section attached.

Question 3 asks for docuoztation of system malfunctions. Three are mentioned.
These are in the narrative comments section attached.

Question 4 asks for training suggestions. Three are listed. These are found in
the narrative ommnts section.

Question 5 asked for an evaluation of SWAT. All three items on SWAT were rated
significantly higher than center scale, meaning they were judged good. None was
significantly different from the grand mean. The highest SWAT aspect was
independence of SW dimensions (rank = 13), and the lowest was effectiveness as
A7C workloed measure (rank = 20). It should be noted that verticle lines were
umitted fron the scale inadvertently, leading to several misinterpretations and
enty Missions.

Question 6 asked for ratings of the various configurations in which Data Link
could be pperated. Two were highly rated for field use: automatic mode
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rank = 4) and PWD display (rank = 6). The two lowest rated for field use were:
manual mode (rank = 23) and RCM display (rank = 24).

Question 7 required designing the qptlmxu features for each service. The
brekdwn is given below. The asterisk (*) shows significance at the 95 percent
level.

Control Pilot
YVe voice Voice Display
m M W u X NO XM NO 1W M

Altitude Oonfirmation 1 8* 1 9* 2 8 10* 0
Transfer of Oommication 1-1- 7* 1 9* 1 9* 10* 0

1 5 5 4 5 4 10* 0

Question 8 rated the three services envisioning usage of the optimum Data Link
configuration. Of the three services, transfer of cc mication and altitude
confirition were rated so good they were the first and second most highly rated
of all items rated. The ESAW rating fell below the grand mean (rank = 17 from
the top), but not significantly so. Nevertheless, this indicates a relatively
low cpinion of the DEAW service compared to the other two.

Question 9 asked for ratings of varias aspects of the AMC operation if optimized
Data Link were used in the field --- irminnt. Results indicated that all
projected Data Link effects, exet for weather and coflicts, were significantly
good. This includes cotroller workload (rank = 3), system capacity (rank = 5),
pilot-controller comuncaticns (rank = 7), and overall safety (rank = 8).

Question 10 inquired about locating gaps in the Data Link system. Narrative
respones indicated nm gaps that voice couldn't fill.

Question 11 asked what was liked best about Data Link. Narrative answers found
in a latter section of this report indicate that many features were liked. Table
C-3 (appendix C) gives the frequency of controller response to popular commnts.

Question 12 asked what was liked best about Data Link. The answers are in the
narrative comments section.

Questior 13 asked for projected future uses of Data Link. 7here are many
oInts listed in the narrative section. The projected uses see unlimited.

SUMMAIRY

FOSnTIV FINDINGS.

The Dallas/Fort Worth otrollers reported that the Data Link mini study had good
realism, training was adequate, and malfuntions minimal. They judged that a
Data Link system using the automatic mode and PVD list display wuld work well in
providing transfer of anamication aid altitude confirmation for en route
control. Without the need for controller or pilot voice for these function, they
judged that Data Link would reduce voice congestion. It was considered that
projected use of such a Data Link system would have good effects on controller
workload, pilot-controller cmmincations, and overall ATC safety and efficiency.
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The Dallas Fort Worth (D/FW) controllers rated use of manual mode and the RMD
display no worse than fair; but they were the two lowest rated configuratios of
all the item in the questiomnaire. ey rated the N funtction iuh less
favorably than transfer of ozmmication and altitule confirmation. Howiver,
problems with DSAW appear to be carried over from its NAS implementation in the
flat lands of Dallas/Fort Worth. This may have affected its specific Data Link
implementation as used in the mini study. DMAW needs further review regarding
manual versus autcmtic implementation and the necessity of controller/pilot
voice.

HMATMV Hsg,

The total set of narrative responses is listed below for the 13 questions of the
Wrap-Up Questiimraire. Arbitrary numbers from 1 to 10 were assigned to the 10
controller subjects and are listed on the left margin beside their responses.
Table F-3 shows a smmary.

Question 1. (No Narrative Respoes)

Question 2. How can we enhance realis,?

2. Not without speeding up the process.

4. Use realistic altitudes (FL300?), better trained pilots.

6. Pealism is good. It would be difficult to iprove.

7. Increase the number of actions.

9. Design a more realistic map and have the aircraft actually cross the
bonldaries.

10. It looked pretty real to me.

Question 3. Please doament any system malfunctions that if worked as designed
would have helped you make a better evaluation.

2. In sm areas we received two indicatics, data block and list. Only one
indication is needed.

3. None.

4. None.

6. A small problem surfaced whereas when a TC was accpted, data would appear
in the list as HELD. This was later resolved.

7. Initial servics had too many keypunces.

10. None.
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Question 4. Looking back at trainir, any new ideas as to what training would

have aided testing?

2. Do away with script.

3. Initial briefing and notebook handout were helpful training aids. The
ability to use en route lab was extremely helpful.

4. No.

5. Train remotes or pilots longer on the tedniques of AC, where a script is
not needed to follow along. More action-reaction type training. More
realistic.

6. Training was good.

7. No.

9. Exllent training and back group information were provided.

10. None.

Question 5. Cmmnts on SWAT.

3. Interestin - but not fully wrierstood.

4. Good tool.

6. It is difficult to evaluate SWAT because I am not familiar with the rating
process, however, I readily understand how I was supposed to provide
information and was able to determine or define the different categories of
wrkload. It seis very effective.

9. Different ontrollers - different workload.

10. Good.

Question 6. Please rate these Data Link aspects regarding possibility of
utilization in the field. omments.

1. 7he display mode will, over time, require both RCD and PVD, based on type
and volums service.

3. Stronq preference for auto mode. Manual mode keystroke entries are
excessive and time conuming.

4. Message response times need to be increased (decre-ased?) for control
functions. Fbr nmcvontrol functions, tim is OK.

7. This may need a combination of PVD and cID in final form.

8. Need visual indication in the data block, with the PVD list available
also.
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Question 7. Please select the cptimm methods for the three services. Ccments.

3. Both control/pilot voice will be required until we have a proven system.
Even lon-term voice mode will be required in certain situations. I don't
believe d/l can totally replace voice.

4. Voice ability still needs to be there, available for

clarificatiorneotiaticn on transfer of control and altitude confirm.

7. SMAW does not lend itself to this program.

8. As before - visual indication somehow in the aircraft's data block to
avoid extensive lists that may make it difficult to locate in a timely
manner certain aircraft.

9. Voice control must be available for emergency situation.

10. Urder present configuration, manual altitudes wuld be required unless
options were available in which the controller controlled who the message
went to.

Question 8. Please rate how well each service would perform at your position if
optimally configured. Cments.

1. MSFN is a questionable program.

3. Still need some "fine-tuning" but principles are sound.

9. Response time faster.

10. As lcg as control is had on where the altitude is sent. Alt Change -
None Kay P (Pilot and AS)
None Key U (Uplink info that is entered under none key only)
None Key (NAS only).

Question 9. Using the optimum services, what would be the projected effect of
Data Link at your position on the following. Omuents.

1. The systm miust reduce cam and increase the capacity.

4. Those iteus marked good (instead of very good) were marked that way
because of slow speed. There are instances where voice is faster. An
altitude on turn is needed quickly for safety.

7. Flight strip marikin/handling does not appear to be affected by Data Link
under today's conditions. This also applies to status board info.

8. There are certain areas, like strips, etc., where little inpact would
happen from current procedures. There are areas like frequency charges,
altitudes, etc., where the Mode S wruld be extremely useful, efficient,
and timaly.

10. I believe that workload will not be inpacted if the system is ilented
with ini= extra entries as discussed previously.
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Question 10. Using Data Link should leave no gjaps" in the systuu. Did you see
any places where gaps in positive comtrol could occur? Also, give any ideas as
how to prevent them.

1. No gaps is the primary ozrn, hawmw, just as iqxotant is not
increasing workload or add layers of duplicate cmmnds.

2. Data Link is tied into information swap by radar. This lO-seccnd sweep
makes Data Link too slow for ocntrol instructions. Control instruction
are given in priority order and need to be carried out in that order. It
can, however, be used as an aid in non-time-critical clearances.

3. The matter of pilot confirmation methd still needs to be fine-tuned.

4. Yes - when a pilot has a no reply - voice is then needed to find out why.

5. Slow response to and from pilot.

6. Yes, during adverse weather conditicr voice womuunications wold become
necessary, thus, there is no benefit derived frum Data Link in this area.
However, Data Link utilized in the other areas during these periods would
significantly enhazn (reduce?) controller workload.

7. None are apparent at this time.

8. No gaps, just a "weaning" period for test puzposes to get
controllers/pilots used to having certain procedures done visually now,
rather than verbally.

9. If the controller/pilot voice link is always maintained, the gaps cxuld be
filled the "old way" with direct communication. I feel that gaps would be
the exeption rather than the rule.

10. No.

Question 11. IWat about Data Link do you like best and why?

1. The ability to reduce the voice ciu and increase system capacity while
reducing workload.

2. Ability to transfer data that is repeated several tzmsj by the controller.

3. 7he ability to redue freqency congestion. Praides a backup/alternate
method of communication with pilot.

4. Automatic function, prevents frequncy cmxYestion, hard cy confirmation
of control action.

5. 7he possibly of the unlimited uses that can be added to the Data Link.
Palief of frequency cengesticn.

6. Speed and reduction of outroller workload (duing the automatic mods).
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4. eather/Si mts. MTww. Speed Omrol. Altimeters. Data Link A/C speed
and heading to controllers PVD. his would prevent cntroller fro asking
piloot for speed and headiM.

5. A constant readout of the Cockpit data, goznd speed, or mach Speed,

6. All aspects of Amc, priuarily to eliminate voice omimicsaticn, thus

reducing warkload (controller and pilot) and frequermy conrgesti.

7. Every radio tr nissicon that can be eliminated by data link the better.

8. Headings, speeds, etc. would require lots of inpuit on specific headings,
specific degree turns, mac speeds, indicated speeds, ground speeds, etc.
and how do you indicate all this in current data block information.

9. Cded routes and altituide assigulnts. Autouitic fregawray assignment
tied to certain sectors. Inhibit message capability.

10. Provide controller with aircraft's heading, indicated airspeed, mach speed
(these items on reqest by manual entry at the control position). Issue
radar vectors, revised rzoute, clearance to deviate, holding irnstructions,
and approach clearances.
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TAKE F-3. OZXJNT OF WRrM OOMiMM RSP(SES
TO WRAP-UP QUE ICHNAIRE

This section shows the frequency of onmtroller c ts for Wrap-Up questions
6 - 13. It shows the number of controllers that mds similar comments over the
course of the questioinaire. In the left margin is the nunber of otrollers
making a particular ccmment.

9 using~ Data link should reduce freqency ongestion.
6 Possible future service - up/downlink indicated airspeed.
5 Possible future service - up/downlink mach number.
5 Possible future service - downlink heading.
5 Speed of Data Link response is sometimes too slow.
4 Voice is a ecessary backup.
3 Possible future service - weather info (Sigmets, turbulence, ATIS).
3 Data Link should reduce workload.
3 DEAW is not optimized.
3 Possible future service - turns (vectors).
2 Possible future service - field 10 (route) amerdmnts.
2 Possible future service - downlink grourdspeed.
2 Possible future service - coded altitude assigments.
2 Possible future service - automatic frequency assigrments.
2 Use data block not list for Data Link display.
2 Data link can increase capacity.
2 Data Link provides backup ommnicatiors (failsafe).
2 Many foreseen data link uses.
2 There is little irpact on flight strip handling.
2 Data Link display will need to use both PVD and CM.
2 Speed is OK for nnaontrol but not for control functions.
1 Possible future service - collision alert.
1 Possible future service - msAW.
1 Possible future service - general information
1 Possible future service - altimeter.
1 Possible future service - all aspects of ATC.
1 Possible future service - coded routes.
1 Possible future service - inhibit message capability.
1 Possible future service - clearance to deviate.
1 Possible future service - holding instructions.
1 Possible future service - approach clearances.
1 Data Link increases controller speed.
1 Pilot confirmation method needs to be fine tuned.

)
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Following comipletioni of the Wrap-Up Questinir during the Day 2 debriefing
session-, the eight subject onztrollers and the two observer controllers were
asked to write a narrative description of their preferred design for the three
services under evaluation. 7he purpose of this exercise was to obtain
unstntured, individual -m:entaries from the controllers that may not have
been elicited during the gzcp discussis that took place during the Day 1
debriefing sessio.

The respcnees that were collected during this session ranged from specific design
qsgesticns to general views on the utility of Data Link. In order to summarize

these data, sentences and paragraphs from the individual respnes were
cater by topic area and paraprased to form brief opinion statements. Each
of the statemets listed urder the topics below represents an opinion extracted
from a single controller's narrative.

1. General Opinions About Data Link.

I support the introduction of Data Link in small, fail-safe elements. The
three services tested here are a good start.

I like the Data Link program. It will increase the number of aircraft that
can be efficiently controlled.

I am concrned about Data Link assuin primary MV functions of ontrolling
aircraft heading, speed, and altitude. 'hese must be done in a timely fashion
and without forcing the controller to monitor displays for delayed pilot
respose. Data Link is good, but functions should conntrate on general
information to pilots and on providing cocpit information to controllers.

Data Link must reduce wmrkload.

Data Link will inprove the AM system. Reduction of voice radio is the only
way to handle increased traffic volume.

Overall, Data Link appears to be a tremeos eharcement to the system we
have today. Its future uses seen limitless.

h project is very good and holds much potential.

This will be our method of operation in the near future. It will be safer

and we will be able to do our job better.

2. Data Link Displays.

The ND should presnt the Data Link display, this is where the controller
keeps his attention focuaed.

PVD is best.

Any Data Link display belcngs on the PVD with location selectable.

List belongs n the ND for easy acome by trackball.

Uns a PD display.

G-1I



Transaction list lines should be all±ibetically labeled for addressing by

D-controller from his keyboard.

3. Use of the Data Block.

The ontrollers unanimously preferred the PVD over the ORD as a location for the
Data Link transaction list. However, a rmber of omments ware directed toward a
preference for providing information on the current status of any transaction in
the data block rather than in a list. Cmments and suggestions related to this
concept are listed below:

The list is hard to scan and interpret when lengthy. In addition, scrolling
of a long list could be prcblematic. Put primary Data Link information in the
data block where the controller is focused. Suggests a single character denoting
send (s), WIIX (w), etc., alternatir with altitude change arrows in data block.

Two displays are needed. A list on the PVD to act as a menu for Data Link
functions available, and a data block display for visual tracking of the Data
Link transaction. A PVD or CRD list could be used for other noncritical
downlinks fra aircraft.

A data block display would be best with single characters for pilot
acknowledgement, etc. Color coding could also be used when it becomes available.

Put as much information in the data block as possible. The data block should
show that the aircraft is on frequency and ready to receive Data Link messages.

Mhe ultimate would be a data block display t s ing with present
information. Data block should show pilot responses to uplinks.

Mena function might be useful as a PVD list.

4. Controller Data Entry.

minimize keyboard entries.

Automatic deletion of list lines when WIID) received is great. It reduces
extra keyboard inputs.

Keep key entries to a miniurm.

5. Automatic and Manual Modes.

The controllers expressed a general preference for automatic operations in their
narratives. However, in most cases they preferred a design in which it was
possible to use a single key input either to inhibit/delay an automatic uplink or
to control the routing of the computer input to aircraft and the NAS by some
other neans. h following comments were relevant to this issue:

Automatic mode is more preferable except in cases where the controller must
hold off transfer of ccmmnicaticrs after the hand-off. Need an optional inhibit
input precedig message to achieve this. Inhibit should be possible by sector
and aircraft.
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Autcatic mode preferred with inhibit.

Want autumatic with inhibit capability.

Must have "irdbit auto uplink fucticn".

Autcuatic uplink on all services with inhibit for transfer of oammuicaticns.

Services can be autauatically initiated.

6. Voice with Data Link.

Primary benefit of Data Link will be elimination of voice.

Voice should be available to resolve questics.

Voice not needed in most cases.

Data Link can replace voice, but voice must always be available to back-up
Data Link.

Do not duplicate commnds. Data Link should not be redundant with voice.

7. Altitude Oonfiruatim - Specific.

This service will require more care than the others, it must be flexible and
100% reliable.

Altitude confimation display should use single character codes in the second
line of the data block to indicate sent, received, WIIm, etc.

It is essential that the comtroller has the latitude to determine routing of
messages when entered. A single character prefix to entry would send altitude to
NAS, or NAS and pilot, or pilot only. This would permit assignment of tarporary
altitudes.

he systan muist be failsafe, no false or erroneous uplinks.

Altitude assignments should be adaptable by sector to permit standard,
automtic altitudes.

Altitude assigriutcnfirttion should be a first step in Data Link. It
should be autcuatic with an inhibit function for cases %tere the controller wants
only a data block update. Voice should be available to deal with unables or
questions.

Use PYD display. Delete status line after receipt of pilot response.
Autcuatic uodacceptable with voice backup. Don't use Data Link for interim
altitude assignmennt.

8. Tramufer of Commmicatics - Specific.

hIis service is best for early izpleentation. ould be very good in
autcuatic woe with no voice.
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Transfer of c mmications will require the inhibit uplink function.

Ihird line of data block could be used to display transfer of cumunications
transaction status alternating with -W' symbol for hand-off. Both transferring
and receiving controllers should have a display.

Make this automatic with inhibit function. No voice needed.

Can be automatic with time out on pilot response. Accepting controller
should get a message showing aircraft is on frequency. No initial pilot voice
check-in needed.

An alternative would be to have Data Link set up a PVD list of aircraft that
have been handed off. Using a single key entry, controller would transfer
cuimnications. Once wilcoed, the aircraft would drop off the list.

9. EMM - Specific.

Fix the reliability of MSAW and Data Link can serve this function, if it is
as fast, or faster than controller's response.

EAW OK if refined and uplink message "informs" passively of a potential
problem. Should not be a positive control emergency message.

Controllers from mountainous areas should be consulted.

See mountain area controllers.

EAW should be an automatic uplink.

Don't cormect DSAW to Data Link.

10. General 0Cmmnts.

One controller offered alternative services for early implementation on Data
Link. 7hese are outlined below:

Data Link should be used to provide the controller with cockpit information.
Automatic downlinks of airspeed, heading, etc., should be available and selected
by controller for a time shared display in the data block.

Other general information such as ATIS, altitude settings, SIGMETS, and
expected delays should be autamatically uplinked to cut frequency time and reduce
controller workload.
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